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Background and Issues for Congress o

The Navy in January 2000 selected eledtirive propulsion technology for use on its planned Specialist in Naval Affairs
nextgeneration DBER1 landattack destroyer and is considering it for use on other kinds of Nz

ships as wellElectric drive poses issues for Congress concerning its costs, benefits and risk

how the technology should be integrated into the ZAprogram or other shigcquisition

programs.

Several foreign countries are developing or using electric drivemimceo r ¢ i al or mnaval s hidpve. The
development effort centers on the Integrated Power System (IPS) program. Severaseciatérms in the United States
are now pursuing electric drive for the U.S. Navy market.

Electric drive offes significant anticipated benefits for U.S. Navy ships in terms of reducing shgydife cost, increasing

ship stealthiness, payload, survivability, and power available foprapulsion uses, and taking advantage of a strong
electricatpower technolgical and industrial base. Potential disadvantages include highetenmarosts, increased technical
risk, increased system complexity, and less efficiency irpluller operations. The current scarcity of precise and systematic
estimates of the costsdbenefits of electric drive makes it difficult for policymakers to assess the relativeffeasiveness

of differing technical approaches to achieving electric drive. Some of the risks involved in developingdtigetric

technology have been mitigatbd the successful development of eleethitre technology for commercial ships; estimates

of the amount of remaining risk vary.

The Navy has stated that developing common eledti@ components is feasible for several kinds of Navy ships and that
pursuing electric drive technology in the form of a common family of components could have advantages for the Navy. The
potential savings associated with a common system are difficult to estimate, but could be substantial. The concept of
developing a common stem or family of components poses issues for policymakers concerning the extent of commonality
across electridrive-equipped Navy ships and the use of competition in the development and procurement ofielestric
technology.

Much of the debate overagltric drive concerns electric motors. The five basic types in questipmchronous motors,
induction motors, permanent magnet motors, superconducting synchronous motors, and superconducting homopelar motors
differ in terms of their technological maity; powerdensity, and potential applicability to different Navy ship types.

The Navy’s decision t-21raisesseverdl potential issuesdondemirg the acquisition strexé&yy for

the ship. Electric drive could be installed on \tiig (SSN774) class submarines procured in FY2010, according to the

Navy. Ot her candidates for electric drive include the Na
joint command and control (JCC[X]) ships, the second throuthhlfilA replacement ships, future aircraft carriers, and

possibly the new cutters to be procured under the Coast Guard Deepwater project.
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Introduction and Key Findings

Introduction
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1 National Research Council. Naval Studies Bo@ethnology for the United States Navy and Marine Corps,-2000
2035,Becoming a 2tCentury Force Washington, National Academy Press, 1997. Volume 2 (Technology), p. 16,
233281, and Volume 6 (Platforms), p.-22, 105107.
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Navy ships and that pursuing electric drive
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Congressional Request

This report is the result of a January 31, 1999
and conclusions concerning eltdhet staddr ewa.mi Sien at
application of electric drive to civilian crui
submarines nd aircraft carriers. The request
devel obments

Sources of Information

I nesrpponse tos Scaagqgueogst Lo€CERS in -Magehli19990¢€igaoebai

electric drive to Navy offices, the Defense Adva
National Academy of Sciences, nUt$he deivpbwipmént g o
el eadtriive technology, and other organizations.

to any or all of the ques
briefings i

parties.

Written responses, some quite extensive, were
S

Navy, the UbBi tRodaKi Nadygm numerous 1ndwsttrsy
Respondents included most of the parties to
CRS, plus additional parties that received

For coverage of the Navy’s January 2000 announcement
Sea PowerMarch 2000: 245; Brown, David. Electric Plant to Power EXf1 DestroyerNavy TimesJanuary 17,

2000: 10; Seigle, Greg. USN Decision Electric Drive Means More DelaysD QH TV 'H I H QFaHuarid 12N O\

2000: 3; Castelli, Christopher J. Navy To Make-RDFirst Electric Drive Surface Combatamside the Navy

January 10, 2000: 2; Suro, Roberto. Navy Plans Higivered New DestroyeWashington Postlanuary 7, 2000: A3;
Department of Defense News Release-007January 6, 2000, entitled Integrated Power Systems, Electric Drive
Selected for New Navy Destroyers.

3 Letter from Senator Trent Lott to Congressional Research Servicen&i,d999.
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supplemented their-pwmistotng sh,rrisesfmenngest ewi ¢ ht eémsi ve
reviewing these materialon GRSspooad ¢ omsompeoiff
respondents to help clarify or elaborate certain
written responserss aatnidontse.l ephone conve

These writteorrsonp dborses, nigns , and telephone <convce
sources of information for this report. These so
materials that CRS haslaeaobl ¢08686d, owhehe CRSpbegan
devel opment s rderliavtei npgr otpou leslieocnt rfiocr Navy s hips.

Key Findings

The key findings of the report are presented bel
rel atingdrtiovee |teeccehnneorlaolg,y ainnd gf i ndings relating tc
of electric driwequosspeonfpcopPr 8msship

Electric Dri‘ve in General
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Several foreign countries, paretliocpuilnagr,l yo ri na rEeu ruosp
el edtriive technology in commercial ships, naval
work 1s gawmeamncmednt The eBdcttvek pNogyam is particu
significandri Thes egdteemasr nesseed sthad dasy aind ot her ¢ omn
generally made overseas, pr i ma rbialsye di & d ket or pi ec. Th
suppliers are Alstom (previously known as Cegele
El e edtrriivce t sc hmseldo gy ia few U. S. government ships

United States by both the U.sS.e fNfaovryt acnedn tperrisv aotne
Integrated Power System (IPS) program, which was
I PBrogram recently complatl ebla daadnsddt rimedt 1 iom of a f

demonstration system. Testing of this system, 1o
Navsy prime contractor for this s ytsutaelm eiqsu ilponceknhte e
was provided by Al st om. Several other firms are
more than $300 million for research and-devel opn

FY2005.

Sever als epcrtiowa tfei r nBst aitne st haer eUnniotderdp wes t ee pnol oegtyr if
the U.S. Navy marksed¢ctdt ¢evtaastic¢chreecdponfdateng ¢
systems to the Navy:

X $OVWRWhich has marine operations in Britain,
Unitetde St(in Pittsburgh and Philadel phia). Th
drive systems featuring synchronous motors art
featuring induction and per manent magnet mot

4 A basic description of electridrive (as opposed to mechanickive) technology can be found in the background
section of this report.
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X an industryHQRWDO I\NQDPbFKRV, & RU SRLADIWInREOr a n d
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X an industr HZSRUW NLEHAV BEKNINSXYLOGLDAIt her 1l eading
designer and builder ofs oU.dS.veNawy nsgh iapns .e | Rheit s
drive system featuring a permanent magnet mo:t

In addition to these three entities, -dortihveer U. S.
technologies or components. These include, among

X $PHULFDQ 6XSHUFRRGXKFWRY devel oping a supercond
synchronous motor, and

X *HQHUDO $WRIPLEW is developing a superconducti
was previously under devel opment for many ye:
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El e edtvrei ct echnol ogy offers significant anticipate
reducing yschiep cloisfte increasing ship stealthiness.

availabdpecobPbot smom uses, and tackaplogeadvenhagtogf c
and industrial Dbase. Electric drive cechans cpsttesnt i a
increased program risk, increasecpowgst omecampbasxs

eZE > E]L >'YZ1Sel1SIF E‘—"+¢"e¢1 >

Although electric drive is often discussed as a
future f£or ptrloeg raln, manydrilememdedschwmd]l egechave t he
evolve and improve over trme mi Ehits comggadetrs atdlda t
drive as mnot simply a proposal fortearmpecific sy
acquisition decisions, but as a btreoramder technolo
management and oveesetghthandeaecsepmentofand proc
stretching over the coursetofmsmaragdmgetarand [dv
of electric drive 1is considered apprdorpirvieat e, it
technelvegpwypdnent roadmap or master plan extending

2857>-1 “ceece

PursuvingrebVectwnid dtmaur clhisghlhert hmmara strategy t h:
emphasis oxrmeoeeharchablkdgwtribeev etleocphinnogl ogy for w
would require hundreds of millions of dollars 1in
years, particularly if the technology 1s develop
devel opment eod emkdercitvregidet @ xbhnol ogies 1s pursued. S
sources for this -dreipwer ts yssttaetmsd itnhiatti acllleyc twowl d b
procure thadmimechbaysiteanls. The cost -¢pgrewmeée usmmy{fbema
(which might be suitable for wuse in Navy auxilia
agreed that the prdrciuve memstt ecmss twoudl ¢ lceacmea idco wn

5 As discussed in the background section of the report, five kinds of electric motors are discusseddtion with
electricdrive technology for ships synchronous motors, induction motors, permanent magnet motors,
superconducting synchronous motors, and superconducting homopolar motors.

Congressional Research Service 4



Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for Congress

the higher 1 ntdtriiavle
reducedcyhblop

csoyssttse nosfh menluebclitfrbiect mover t
bpéeating and support costs.

ZSei>'—elS—el ceceZ®e’'—e1 “eel e ZE'YZ—Z®

veral sour ce se fafgerceteidv etnheasts tohfe ecloesctt r i ¢

h e

drive

1

|

cusing
amining
rsion o
ms of i
e etrri ivee
n-ger m

t h
y

t he effec
s effect
echnol ogy

(dyel g

ghlre lveec ttreicch n o
hips, relatiyv
dressed,
makers to ass
logy in gener
axzheasappmooachi

f
t
t

o

o
o< O v o

i
h n
hni

o
o
o0 — = <

vt erexltri ve ¢
p operators (esp
edtrriive t e ctheniorl ogw
rticularly the B
cost advantag
r, al so demon

1
eve
uld be assessed.

— <4 o

ZE'— ES-1 '®”
orpora-dingeetech

figuration of th
ater potential t

edtrriivce
or s ,
over
le te
f or ma
ralll

components
enerat
11

v =5 0 ®0g

=

=

o

—_

©

(0)]
:‘b—‘e—?o

risks i
devdlkopm

1

t

te. Ot her
y 1s devel
ht be miti

o " o v .yy O'T
= o0 0 % 2 O
: o

[=

(¢}

f
h
T
0
i

5 —0 *®u
0o ® & &

" —1 toeeZ-

The Navy stated i
components is feasi

=]

odreit usey set leemc torri cany

t hi se fpfeercstpievcetnievses,

dn fteot al wawdeghhimyg

t hsey sstceanractiitcy

schedbbdbeerpsgt amsg. T

mhieniamg umit s bofi meol ved 1 n

of its components i
electric drive has o
otfh ee Iceocsttr i ¢ dr i1 ve
fleet costs and ca
arguably -bmtcl alde o me
edftesctand

t t hat

on total
should

of fers numerous potenti:
few precise estimates are
eosft ipmraetceiss ewialnld ma k e
ess wietffexzny vepmesisyodnefllee t po
al and ( preofbfacbcltyi vneonrees ss iogfn idfii
eving electric drive.

logy
el y

wit h
0
s

kehdtnology 1 s
ecially ©c¢r
n fsori ps . T
ritish Nav
es for mnav
strates th

consistent

S S

o 8’ oS5 -
= n Qo
O g
=N
o+ o
5 o =
(=R I
Ll B
H~('D(DFPP—§

o o= —

0
i
-8
(]

T

=m0 © o

u i
h e
y)
al
at

+ v v » o
e
o =gq = @»n
[CRR =

=

- =+

coul c
of

notagyguistid i Namv prolgir@m ms
potential amount
in question. More

e a
or scheduwulioenmesk, b

S
ech

presenting

h e
stem
i cal

r
d
i u
potential techni
the electrical distribution
dosbgnaaduddessedgiatcliade Hde moa
that to date have been demons
i desired levels of acoust:
s faeand module specifications.

ndol vedteonohdoebVoelf
entchhodobgyt fioe

gyphageebeetnrnn
commer ci al s I
devel opi
that the
sseversch
re 1ntens

sources suggest
oped on an aggre

n
d
e
gated through mo i

g e
egr
dul
fie

Mar ch

s 1999 reaparwte to Cong
e for

sud megr &l elkcitmwrds adfi i Naev i

Congressional Research Service



Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for Congress

i the form of a common family of components <cou
and the other military services have used common
years, and Navy lienacdreerass eadr ee nmmpohwa spilsa coinn gt he <conce
Potential advant ageas vef say scoemmdamre lae cftarmid y o f ¢ «
includetenmacest savings due to streamlining of r
neanad Itoenrgne rs a wi ggse adwa tef ficiencitesesr mn procur e
savings due to the streamlining of fleet trainin
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The concept of devel anqpilnyg oaf ocommomesnytsst epm scers fias
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and the use of competition in e vedevelkdhmmd otg ya n
acquisition expgegrisdnscd halte arlsdirginvien gs yas tuenm qfuoer eelac
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Past experience, however, does mnot pprporwea cchoncl us
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scheduled to be powered by electric drive. Co mmo
be a strategy for policymebkheffetbdbivenpathrtonapp
el eadtriive technology across the fleet. Policymakce
both a maximally common approach and more mixed
commonality wi tshp eecdieflnectnit s nof s hip

Pursuing a edorminvoen seylsetcetnr iocr family of components
emergence of a dominant or moednroipvoel yt escuhpnpollioegry ,t o
components, and systems. Insl whghatpbdcethashpghsvb
use of competition in defense development and pr
at ensuring that any Navy acquisition strategy f
competition betweemnoaompset pngorndosseyeegppng t he
form the basis for the common system. From this
ensuring-ttehant awegairisri t i on decisions preserve, as
e mpl oympnegt ictoi on in the eventual dewedldganereitc and
technologies, components, and systems. One possi
el edtrriive system t e able edle soipgme artcdhid bsed appr odAabt
would be to provide continuing funding -to fir ms
drive system to finance continued devel opment of
components

~ e~ o

Much of the debatpeplsiicnactei oth? 908fe oetleecchttrbbidcozy t o U. S
ships concerns the type of electric motor that s
specific motor types are associated’swith specifi
prospdcectcidwd e program. The elect-dicvenostpstemssDbDo
large ships can be divsiydrecdh ri nnt oou sf i woet obrass,i ci ncdaut cetg
permanent magnet motors, superconduatgi hg mopwd lar o

motor s .

7KH VIQFKURQRXV IPRWRIMInsi dered the most mature tech

ships. There is a consensus among both mnaval and
scaled up to theghighbhededotoemower snafaoce combat
high speeds (i.e., 30+ knots), would be too larg
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The most 1likely apparent oedprpiovret usnyisttye nfso ru siinncgo rspyo
mot 6psesumably commercially’savealidlcatbrleec esfyf sotr e msw)o uil
be to install them in large Navy auxiliary ships

7TKH LOGXFWERQG PRWRIJI 1y cmpsitdemne¢edrehmosecongpe fo
large shiepsynahremotus motor. It +ss feuhl@ell ¢ ype of
lahdsed -¢diece rdemonstration system. Most of the
argue (or do not contesdpnskat oi buesces moinbh alb.dSe.f f oc i
Navy surface combatants. By +ihmec Iswmdnen g otkheen , U.hS.we
in its March 1999l seporguda ol LCongga et contest) t
not sufficiently compasetowmrUq¥ieNavy dbebmairitndd e
el eedtriive system with an induction motor (rather
magnet motor) might help midtriigvaet et etchhen orliosgky oifn tion
21 program, batawbut¢di pgembdbunor commonality acros
submarines.

7KH SHUPDQHQWcRDJI DHW HBRWEKRUqui et er admedn ssei g rhiafni ct ahnet 1

n

induct i-eenm ommogthors o that it is consequently consid
well as surface combatants. Sources generally ag
in a common electric drive system fsorMaNavy sur fa
1999 report to Congress focus cost oorn atvhaei lpaebrinea nienn t
nearer term that would -Hdeiwvweisgblemfor a common
The permanent magnet motor 1is less mature techno
consequently at this point may tpo sa -tmerameesrhd pel op
acquisition proXxl adne sturcchhy ars. tShoeurDdDes differ rega
technical risk involved in scaling up the per man
basic technological mossouwes hiaw ep dremann erets othavgmde t a1
the technology will not pose any new 1ssues; oth
free. T3h ed eNai syl on, announced in February- 2000, t o
21 by otnoe FyYe2a0rO05) will, other things held equal,
equipping-2tlhewiftihr shtmi RB exytstiem using a per manent

7KH VXSHUFRQGXFWLQU fVI\QhRKURQRXVuPRWRWW e v edleonpseed, coul
and quieter than a permanent magnet motor. The s

mature technologically than the per mafmsent magnet
March 1999t respwordes Mosgue (or do not contest) th
enough to be installed -2alt. aAdcveopctaatbelse orfi stkh eo ns utphee
synchronous motor, while not mnecessamidl ypofdisagre
motor has progressed in recent years and that th
less than others estimate. The firm developing t
could be developed and c¢ ontpol ehtaevde btyh e2 Ondo9t,o0 rmaeknitneg
with the fleet in 2012.

7KH VXSHUFRQGXFWL®iIJfKRPRSKRODUfRRWRU devel oped, coul
poweense and quieter than a permanent magnet mot
homopolar mypytypecafors ma9t/7i0mg iTthet theo mmipdl ar motor,
superconducting synchronous motor, 1is less matur
motor and was given sl iMardech emHPh% sriesp dmt .t hAed Woacvayt

6 The term homopolar (i.e., unipolar) refers to the fact thantoi®r uses direct current (rather than alternating
current) electricity and does not require either a reversal of current or electrical commutation. As a result, the magnetic
field and the electrical current in the armature of a homopolar motor arerdomata time and space (i.e., unvarying).
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litkkose of the superconducting synchronous motor
mot or has progressed in recent years and that th
less than others estimate. Thkayfitmanowwde¢ehe bdpqg
funding, it could be developed and completed 1in
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ferent verdiiowe oY¥Ys aamlilet d htelkids kfwicorpsttti oD wo u 1 ¢
r to be a system using an ithmductoindm ]l metharf tc
of thpitshh ppteopal fdx.edWit h’ssemetedidedut dsk
de a permanent magnet motor rather than an
ller/stern c oendf ipgruocpaculildentb s udbveXlopegofdr th
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June 14, 2000, Ingalls Shipbuilding, the 1ead
e-2DD) announced thatled echlaedc tsreilce cdreidv et hien dNuNsSt r y
eliminaffyamdeslig@gatric drive propul sliecodn system a
mpermanent magnet motor design 1nXl. its 1nit]

H@ﬁorﬂ—-.mwgmmo O /T acT aH Uc—r.—.»ﬁ
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7 See figure 3 in the background section (page 18) for an illustration of a podded propeller.
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me industry sources have suggestderdi,veand the Na
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vel opment funding beyond the funding that the
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asibleffiadtcwstto equip the TADC(X) with a cur
eetrriivee system similar te sthhioppsse. now being used
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ectric drive might similarly be a candidate fo
at the Navy plans to begin procurisahgi pn FY2004
andardX) mhghtt CC{d a candidatrd vicos ysa teceanmmélthei a l
erational requirements of tdHe vkECO@pPXds iecl@®wd v rc,
stem with better quieting and shock resistance
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e Nawswmrch 1999 report to Congress on electric
asible for future aircraft carfioar CANeXodhanica
e firsfts opfl atnhnee dNgcalyaesrsa toi fo nn eaxitr cr aft carrier s,
FY2006’s ThacNasyon contrasts with a 1997 Nava
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ocurement of each carrier) to deter mine whethe

Congressional Research Service 9



Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for Congress

"Sceel 2S>e1 ZZ™ SeZ>1 ZzeeZ>ce

The 19 9®o aNsatvy@uarocdal fleet concept, with 1ts emp
possibility-defi vesiomg tdhleemterwi cutters that are to
Guard Deepwater project. Edqruiivpep icnogu ltdh epsreo dcuuctet esrhs
calpial it ycymlde ladset benefits for the-d€Gdast Guard
technology is expected to produce for the Navy,
both the Navy and Coast Guardychetheppooducfiohi
propul sion systems. Incorporating electric drive
pose several significant 1issues in terms of feas
since the firstiau00éd2 nandtcecompepiaguibdDedpwater i
already completed much of their design work for

Background

Basic Description of Electric Drive

Electric vs. Mechanical Drive

A shigrive system is the equsbmpangihest toantmidt
propellers. It is rtoughly analogous to the trans
power fr'smehheneato its wheels.

Most of ’°st hlea rwgoerrl dci vi Il i an and midriitvaer ys ysshtiepns. tlond
very simplified fdorrinv,e wiytsht-eamemetichheacmhiockahle r ons per
(RPMs ) prodisced ghhynea (sahlisppo known as the prime mo-

shaft to a set of gears, ken.o,wnr eadsu cres)p wtehtdisoen hgiegahr
RPMs to ¢theed oRwvBMs that are moise parppreddreirat A ferc
rigid shaft thespereranRBMss frloens ¢ hkoweduction gea
with multipleulptriopld lengi hasve meduction gears, a

With andrilwaetsyst em, in contra’st h isgphegeedh eRPAMsor ¢ o
into electricity. This electricity is then trans
shyipto a device called a motor drive or motor <co
frequency of the elestrelectyias moe¢eodedof opetrhe¢es
desired speed. The electricl onwsepreere dt RePniMsc o thvaet r tt su 1
the propeller. Ships with multiple propellers ha

Figure 1 depicts the Db-aasnidc eallrercavreg esmyesnttesmsaf me c h a

Integrated Electric Drive (Integrated Power

Ships wit hdrmeveeh asnyisctaelms actually have two sets o
propulsion, as described above. A second and sep
used to generate el ectriecdi teyq ufioprmeanltl oonf tthhee sehliepc
Arleigh Baitkecl DDG destroyer, forpewampdetuhhbhsna
engines for propulsion, and a second set of thre
power for the ship.

Inhd ps with adrmoehayisepgmodebenpgowepsbpropul ef onhc
engines typically represen’tst dt apleopdouecaitn gt o 85 pe
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t pr odhiicsi npgoweamp abi Il ity pirso pduelvsoitoend aemxdc liuss i
obpot smom uses, even when the ship i1s st
tirameebygsetemeg in contrast, can be desig
a commonatp oiosl uosfe de Ifeocrt rbioctiht'sys htohp pr op u l
on electrical 1oads. Suvdrthi me s(yBER)m d ws tkan
rated power system (IPS).

with integrated e ltehcet reincg idnreisv ea,n dt hgee neelre
cable to an electric s wi t—eohnbeo afrodr tthhaet d i
ul sion need®s othemd edecflaon ctale lohidp . The
r1bute1nont hoefs ep otwweor -tubmeetsween n bha mbsmegnas need
rschp wpl sspromp minsdi mmm nne e ds .

1ntegrated electric drive, the large amo
s thus avaudadbleEvdd whkemetdhe fohi pthhertr
n be momentarily divert eplr mpmalys ifam ms yt shtee
ds a -ssthroentgtblu rpa weorf vhiitgthout appreciably
eddelioet is roughly an8l @g’sTsicelne et e ca riroa
on series, in which theenmgphaen 0é dhees
0sm etnhgei nsehsi pt o 1 ts weapons or other syste:

cpurropeonstal s for using electric drive propul si
integrated el &GROVHIXHQWOE LQy WKeWVM.UHSRUW WKH WHUP |
UHIHU WR LOQWHJIJUDPWghGr dOHFWUHbFRvSULYHiI btaecsg rca taer & aenlgee amte
System.

€
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Figure 1.
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Key Components
A's

shown in Figure 2, an integrated electric dri

X (QJLQHV DOVR NQRZQ O SULPH MNRYWHUVs ur face combat e
engines are gas itamrsimnfes] tmoadn giiras vesresd on ¢
airliners that burn jet fuel. On U.S. Navy
aircraft arriers, the engines are steam t
produced by a mnuclear 71 etahcasoer . wiOtnh olt hwear s h
maximum speeds), the prime movers can be d

y

X *HQHUDWWRWNVch convert the mechandical energ
highpeed -REMp electricity.

X (OHFWULF VZLWEKERDWG stributesanlienehectricity
propul sion needs.

X ORWRU GULYHV DOVR NQRZQ BY iPRWRhWoHRQWURGQOHWVW I t a
frequency of the elestrilectyiaes puropdddi Dar mol
operate properly and at the desired speed.

r
)
C

X ORWRUWhOhi ¢ h cctornivecearlt peodwer fromsplee dmotor drive
RPMs suitabl & fporro pae Illaerrgse. s hi p

x 3URSHOGWhUM h usped¢dheRPMwetro propel the ship t
water.

X I1R@GURSXOVLRQ SRZHU GLVWWILEKWLRQtMW\YWHPes the r e
elec¢al power ¢tpa otpmed sviaomi cedsectan cal 1 oads ar
This system includes addconorabkioabldewv,jcewit

Common Electric Drive System

Over the last Yeammon ¢ wdanntddemdmtrengsr at ed el ect r

dr fveve come into use to refer to an electric dr
components that can be installed on various type
combatants, amphibious ships, and auxiliary ship
Al-Bl ectric Ship

On some ships today, somepawerkidafyeg. gystemacar & e
laundry equipment, and galley [kitchen] equipmen
systems and submarineidabling(asays)emewerod @(aecgma
surfidade turbine engine starters). On an integr at
remaindedgcmhoncal systems to electrica-l power wou
electric shivppr sS o-mteewo tshiec asstHi p as a natural prog
electric drive ship.
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Mot or Types

A key element in discussions of electric drive ¢
types associ-dtedewstthtgmesthnips can be organized
categories shown in the table below. They all <co
( RP Ms ) They differ, however, in certain key cha
currentdl uneeredating current-—t(hAeC)s our aode refctt bew rmagpn
that 1is combined with the flow of electrical ene
motors conduct the electrical energyupsragndeetrtc
wires and associated technology.

Table 1.Basic Motor Types for Large -Ship Electric -Drive Systems

Long Name Short Name

AC woundHfield synchronous motor Synchronous motor

AC induction (asynchronous) motor Induction motor

AC permanent magnet synchronous motor Permanent magnet motor

AC superconducting synchronous motor Superconducting synchronous motor
DC superconducting homopolar motor Homopolar motor

ddition, it should $SRUPMDQHQW PRDdOHM hBrRMER W ¢ 1 s i
ussed in codneéevtioys wit thlke dEaga sfiapds )a l

ionsgath ¢falxuiiad l ver s i onsf 1 aierdsvitohne. tTrhaenssev evresres i
he design and orientation of their fixed a
equently in how electromagnetic lines of f
me nt . I ngasph omottnortherdds atibed as a cylinder
nde rgapt hneo taoxri aclan be described as a disk spi
tr-Afhsxemettor can be described as a r1rimmed di

= wn

0 1
nd
I u

r

"'OBO"‘<Q.’—'
o< 0 0B o =B
o — < 3

0 ©»n *+t »n O

Ant iactiepd Benefits and Potential Disadv

Anticipate®d Benefits

El e edtrriivce technology offers significant anticipa
reducing yschiep cloisfte increasing ship stealthiness.
availabdpecobPbot smom uses, and takpogeadveonhagtogf c

and 1ndustrial base.

Ze7@EZel ‘"TMEEZ]1l "

ing on the kind of ship in question and it
peraveling at various speedsi)yeas WNatvygmsmnay

8 For examples of articles discussing the benefits of electric drive, see McCoy, Timothy J. Powerisig ety
Fleet.U.S. Naval Institute Proceedingglay 2000: 5458; Leonard, Robert E, and Thomas B. Dade. The All Electric
Ship: Enabling Revolutionary Changes in Naval Warf8bhmarine RevievDctober 1998: 453.
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consume 10
The Navy es
In addition
podded prop
improved hy
percent, de
For faoasedied
support cos
significant
drive, t hus
cost (TOC).
process so
decisions

In addition
maintenance
Systems can
and crew si

—E>Z2S0eZ-1

Electric dr
acoustic no
electrimi de
me c ha-dn cwué

percent to 25 percent -dlreisvse fsuyeslt etnh.a n
timates a savingsfacde IcSombatla9ntp.er cent

electric drive makes possible the u
l sor (see Figure 3), that can reduce
rodynami dddafififiomiadnocyn.vilisgtsi matnegs doff oa
ending on the ship typ? and the exac

ships, fuel consumption 1is a major coc
tfs .t hOev esrh itph,e tlhief es aovings from reduced
ly outweigh the potential increase 1in
signi’fitetcaylcyller cdbwcti,n @ | tehwes hsnhpiwm a s |
The Navy is nowypllecicmg ti nar ¢disce ch cegn
as to mortceimfeostvebyusegpmpetunrce st bod [ o

to savimgs edda dfturee I,y sitte mss manyt ircei gpuaitre

and fewer crew-dicimbe rsy ¢ tadermgv.er BRlt €c tt th

be designedmooni berhnghl Redutomensdia
zree dwocuel -dsyh€i bpe tl i efset

78ee
ive promises to be significantly quie
ise 1s an ’si mpwerrtalnlt deotmepootnacbhnitl iotfy ,a sshh

ive Ppeoless detectible (1.e., more st
technol ogy.

9 A podded propulsor is a streamlined, roughlyirgjical pod with a propeller attached to one end (usually the front

end) that is suspended from the bottom of the ship. The pod, which contains the electric motor driving the propeller,

can be designed to swivel ithrustinanyidirectibneandshereby steerthe shipiAr e ct t he
podded propulsor eliminates the need at the stern of the ship for a lengthy, exposed horizontal shaft leading to the

propeller and a rudder for steering the ship. With a podded propulsor, there erexXpased components to create

drag (i.e., resistance to forward movement), and the propeller encounters a more uniform (i.e., less disturbed) water

flow, increasing its efficiency (i.e., its ability to use its RPMs to create thrust). Using podded @ropals improve a

ship’s maneuverability by permitting a tighter turning rad
of movement or its orientation even at very low speeds. A podded propulsor might also offer certain advantages in

terms of maintenance and repair, since the pod can be detached and quickly repaired or replaced by a like unit without

need for cutting an opening into the ship’s hull and worki
propulsion systemsgs Bonner, Kit. Naval Propulsion for thes%Ientury: The Azipod Systertl.S. Naval Institute

ProceedingsAugust 1999: 746.
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Figure 3.

L

Conventional propeller/stern arrangement with horizontal shaft,strut, propeller, and rudder

(not to scale)

o)

Potential revised propeller/stern arrangement with rotating podded propulsor and no rudder

(not to scale)
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he significantly 1improved quieting promised by
enefit of el ecstrsiuwch dariivieS tteoa ththten MNeagvsy i s f unda me
ub mdsr isnuer vi vability and effectiveness and acous
y which submarines can be detected and tracked
ignificant 1 es oduerccaedse so voenr ntahkei nlga sitt sf esewmb mar i ne s
o stay ahead of 1increasdentgelcyt icoamp aebd wi pprdevretr)s,a rayn
hat electric drive is mneeded to provide the nex
uba r i*h e s

lthough traditionally not asiacriondcak fiobpusuarta
uietisngdpecoming increasingly important as a con-t
nd effectiveness. The sampriowed]l actomisd i &¢r iqwmd ett h m
f benefit to surface ®©hipe,adbywpblmitnhniagdatrtred
olume devoted to air intakes B3ndndxhaedt sdgatgy
nd radatri ocr.osMewepcropeller/stern configurations
educe the wake signature of surface ships, whiec
verhead sensors and i mpr ofveea rtehdedwd kceghdatmeesep o f de

—E>Z2S0eZ+1 S¢S~

a surface combatadamtcede faedlricondmmpde i on can tr
e amount of space abod'td alHdptiequibgdefomifiace
|t yd anny of’—thlke nsslkalf,t ilni me mechanical drive sy:!
uction gears, shafts, and propell-ers in a 1on
ctric drive makes 1t possible st odriinse aslys ttchm
ositions that may use space aboard ship in a
er mit st tewmrsbhhinpe engines to be located higher 1in
pace required for the ducot st hteh actn gairnee sn eaendde dt ot oc :
ases away from the engine.

n both these ways, electric drive may free up s
dditional payload (e-ugp. spwcapenrnsn ald svebromus ke.d K
uch as increasing the sizé ocfr eswt astoe racso mso fionmrp rnoe
ual ity of -ainf eo bgbeccatridv es wihpp ch has recently e mer g

— E>Z2SeZ+l 2>Y'YS«c'e'et

|l e edtrriivece can 1 mproive shvueor alurwadawsabiEltmi nating 1
yranny of the shaft line can improve ship survi

more ofsthenghisipaft |lines will be thrown out of

nearby eweapon on. Eliminating the rsqdirtrement to
system all in a straight line along the bottom o
l ocations where they may be bettemimreastiected fro
Electric drive makes it possible to more widely
around the ship, making it less likely that a si
With an integrated powerdissytsrticbm,t etdh ep ofwleaw sofu rpcew

10
F

Bender, Bryan. US Navy Sets Sights on Electric Attack SubmaribeQ H TV 'H | H Q July 26d120000Bowman,
rank L. “Skip.” Sub ma Undersea WarfareSpringel99%ad.w Wor 1 d Or der .

11 Alternatively, if fuel storage capacity is held constant, electric drive can permit an increase in ship operating
endurance (range).
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rapidly reconfigured in the event of damage to t

to vital systems. Past experience with battle da
very signiAndcafadr bemreffade ships, electric drive
machinery spaces, which could facilitate damage

damacgoent rol technologies.

— E>Z2ZSeZ1l "~ 751 YS ¢Sid¥AlepT =1 CteeZ—0e

As mentlored ebhectric drive makes -paopgpal amounnt s
uses such as power ful radpaowernndi scroawaweg WwWaasEan sw
electromagnetic rail guns, electrotheyr mal guns,
systems (i.e., electromagnetic catapults and arr
unmanned air vehicles (UAVs), unmemme@gyunder wate
undersea s e'hSsoonre noeft wohreksse. functions, particularl:
power levels measured in tens ofemegatwahgsgcapndi
t o a medrhiawmei csahli p would incud substantial additi

o> —e]l ZE' — S (ESet7x*>'Sel S’

Some el e menfss coufr rtehnet-d Nmevcgh asnyi sctael ms , particularly
have been specially engineered for quiet operat:i
application, 11imitimpg oedcuocnt o mmine sa nodf ssucpaploer ti.n Atdhveoic
drive argue that as commercial ships-dsshivfet to gr
technology will experience declining economies o0
and saoappbst but also possibly reduce-drheoecincent.i
components to invest in #fduritvlee rt eicthmrod wegme ntl no fc on
advocates of elecdrivcve dpriopulasigarecewell egbanefit f
production and support economies of scale, and w
technological advances in thpoWwearganadndlecbrantc
industries

Potential Disadvantages

Electric dridvesalsanpegentialetrear msosafs ,hiiglcare amsear
risk, increased system c epmopwleerx iotpye,r aatnido nlse.s s e f f i

[AAY

e 71 —75>1 “eece

Pursuingrebectecbnol ogy womlmddéenwebbpmegheconesart
strategy that places cantiiveudad chhmpH ogiys ™Mo simhe ¢ loa
that dtrevetrsystems would initially beér moee expen
Systems

12 See, forexample, Bender, Bryan. US Navy Sets Sights on Electric Attack Submain®@ HTV 'HIHQFIly :HHNO\
26, 2000.

BElectric drive in the future could also facilitate the 1 e;
turbine engines, or sae turbines) and generators with more efficient pepveducing technologies, including direct
energyconversion devices such as fuel cells.
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Sources foknolWwliedgedothatcdmicve porathasg thaezrtmec
drive) technolaocgqyu iisnittoi oNna vpyr osghriapms coul d add tec
those prograang, vei tee hamlod otgryi d s -direisvse mgaet cuhrneo Itoh a 1
for application to mnaval ships. Ardads vef potenti
technology, depending on the approach taken, 1inc
electrical distribution systoenm, adwamcewed agdr o peylslt
and integration.
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Electric drive can’saddsaegmplbeoxiht iy nt ¢ hteh ev usmlbiep o f
invol ved i n?atnkde idr itvhe tcroadiprdeelxeicttyr iocfadlt hsey sstheinp. Ad
complexity in general can raise potential concer
reliability and maintainability. Proponents of e
itself to be highly reliacdlien acardu imsael nst mii msa bal ned ad
commercial ships.
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El e edtrriivece s ystems can be -driswe esy s-fca menrt f @ th.adhu Jmle c |
maximupmed) operations, due to the eonergy 1losses
electricity, and é&Nevatishipsbabkhwenweo, RPMpicall
fraction of their time at —faublolutp o8wWe rp.e rTcyepnitc,a 1blyy,
esti-mast espestpeatd ladoight h rpdeesrs)) As a result, fo
l osses due to the somewhat lower efficiency when
of fset by gains due to higher efficiency when op

Brief History of Electric Drive

El e edtrrittwwec hnol ogy dates to about 1910, following
electric motors and gednéewvetoeoystemts (deatved ome,d ol
States) amnddr inveec hsaynsitceanhs e mpl oying r etdwcht)i owne rgge ar
both being perfected and competed against one an
lightwededlft cikbnmghlr movehasyisd¢@Iim, and mechanical dr i
predominant ship propul si onavtaelc hwiroiltoegry,., As s umma

The history of electric propulsion in naval vesse
collier Jupiter [AG3], successfully powered by a MelvilMcAlpine turboelectric system

and prototype for future capital ship installations. In 19468,US Congress, still refusing

funds for aircraft carrier construction as such, made an allocation for the conversion of the

Jupiter to the Navy’s first, al H) which e xperi ment al
entered service in 1922.

Three 32,000 [<hft horsepower] New Mexico class turbine powered [mechanical drive]
battleships were ordered in 1914 but, in build [during construction], it was decided to install
a turbeelectric [i.e., electridrive] system in the lead ship.... While this was a heavier

14 Some sources disagreed with this, saying that when auxiliary systems are taken into accountiralecyistens
can be made less complex than mechadak systems.

15This is why electric drive is viewed as not necessarily better than mechanical drive for commercial cargo ships that
sprint between ports at consistently high speeds.
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[drive system] installation than those of the two sister ships, the New Mexico proved more
economical, flexible, and provided better manoeuverability. Nevertheless, during major
refits over 19341933, all three ships were given new 40,000 shp [shaft (o]
straight turbine [mechanical drive] installation[s] for an extra 0.75 kts [knots].

In 1915, two Tennessee class [battleships], similar to the New Mexico... were ordered.
These were immediately followed by three almost identical [Colectaksships], also

with turbo-electric propulsion. The foregoing five battleships were survivors of the 1922
Washington Naval Treaty under which 11 further projected eledtiven capital ships

were cancelled....

Two further products of the treaty were the ington (C\-2) and Saratoga (GS),
survivors of a class of six battle cruisers ordered over-1916 and on which work was
stopped on the slip. Work on the named ships restarted in 1922 to complete them as aircraft
carriers, the U./J[sBips]oiNhetype.. Durihg WWlltthet)$ producedw o
numbers of turbelectric vessels due, to some extent, to a shortage of [reduction] gear
cutting capacity in those yeass.

After World Wadribl, tmecedhoddiogayl conmanned thebe 1n
dominant approach. -Amowng twacbhopegyeveactwidel y a
submarines, -s?vhecetrthepdwesepl ant became the stan
permitted the submarine to plsopdl tiitmee lofh sbhwbmherg
without need for access to the atmosphere as a s

In the years aft-driWerktadcWamnlblg,y evlasctorcicasi onall
ships ot her Itehlaenc tsrmacl Iseurb ndaireisnee s. The Un-ited St a-
ofi-kind mpwovleaard attack submarines—thbeeXplhimeat
(SS5N 7)), which entered service in 1960 and was d
Ligeomb -68SN, which entered service in 1974 and w
drive was also used in some large commercial shi
and Canberra (in 1960).

6 Wood, Geoffrey. Electric ®pulsion In Warships Then and NowNaval ForcesNo. 3, 1995: 20. Another naval
analyst has written that:

a major U.S. Navy success story of the early part of [tH§ @htury [was] turbeelectric drive for

capital ships (five battleships and the leattruisers completed as the carriers Lexington-@3V

and Saratoga (G)).... Turbeelectric power was abandoned only because the\osd War |

naval arms treaties made it vital to save weight; geared turbines [used in meethdavecsystems]

were fr lighter. The U.S. Navy was unique in adopting teelextric power for major warships

(some [cruise] liners built after World War | also were turbo electric), probably because-the pre

1914 United States had the wotyld’s most advanced elect

The U.S. Navy revived turbelectric plants during World War |l for destroyer escorts, because

U.S. geaitutting capacity was insufficient. As in capital ships, tuebgctric machinery carried a
considerable cost in weight and volume. As it turne loawever, the necessary lengthening of the
ships’ hulls r e du-wakidg) ressihnce ehoughdonalance Offithe exira

weight, and the resulting Buckley (EfEL) and Rudderrow (DB24)-class escorts were as fast as

the geared turbine desigvould have been (which was not, in the event, built as planned). These
ships apparently proved entirely satisfactory. (Friedman, Norman. Navy Commits to Electric Drive.
U.S. Naval Institute Proceeding&pril 2000: 4, 6.)

See also Eisman, Dale. Advantagé El ectric Ships Has nViginiabRilotnFekrubry Mpch Since
2000.

171n a dieseklectric submarine, a diesel engine (using air drawn down from the surface through a snorkel) is used to
generate electricity that is stored in batterigss stored electrical power is then drawn from the batteries to power the
ship during submerged operations.

Congressional Research Service 21



Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for Congress

mising, was mnot compdtitveve¢ewhtnbl mgdefwor
surface ships. The Tullibee and Glenard
n ot hers udbamay iantetsaodkue to I imits on the po
ve systems werme ewWesriywemaintenance

= =N -y
- o o0

a

-Worsltd War Il dominance of mechanical dri
0s, when techniod opatcads dewved | ppmteint sl arly
poteneifdbbyimer¢haasmechanical drive

= o B
-

<

¢]

(¢}

(1. & .0alecsoingptaacntt),, asnd quiet, and that d
RPMs (suitable for slowly Hieshlokrsiepg weh
ric motors have existedRFDMAIIt amw g gheiynaeast s

e electric motors were developed, but

EFgTmorag a—d AT
»wwaozsog oS

» O ®» O ®» — =0
o= = 0oz

i
po-RE M/ htlogrhque el ectric motodsengdhadndragu
n surface combatants and submarines.

o
- =

at an teol eoepterriact emoqtudre tel ygliwn e e r e ch

nwgo e B oo
B " < 0
< 0 o0 o0 —®

are capable of handling large
re gl ntdle semicondwvbtve phogsesned to
now poscarpadceci ttyo thatidrd driigthes t hat <can
mality pbwesepowhighlectric motors.

o 0o O »w. o o

n
h
b

. = = 0O o

=3

de ve lscpmme mtb dasfe td ecpponweerr s i on devices also
e possible because these devices can ef
e
a

motor drive. This made
, which require ehaeagtr
ems could be used only for ship propuls
rd the ship to produce an integrated el

the electrical p

O v =@ =0

o< Do s oS ot 00 PB S
© o

=}

1985, the United Kingdoms oaorkd abtdevgannt ablgwei 1
S

ass of frigates, known as the Duke ¢l ass

18 See, for example, Lipscomb Exit May Have Lessons For Burke Electric Diawg. News & Undersea Technology
January 29, 1990: 2.

9 Torque is tle twisting power of the motor on the shaft, measured in foot pounds of force. An everyday analogue can
be found in doorknobs: a stiff or heavy doorknob requires the hand and arm to generate more torque to operate than
does a light or loose doorknob. Fortars, horsepower is the product of RPMs times torque, divided by 5252.

20 Distortions in the electrical power that is delivered to the motor can lead teproihgcing irregularities in the
motor’s performance.

21 Some electric motors are designed to usecAent; others are designed to use DC current. It was not practical to

make conventional DC motors with ratings of more than about 10,000 or 15,000 horsepower. That was large enough to
power small nomuclearpowered submarines (where DC motors are widskd), but not enough to power large

surface ships at higher speeds. Eledlrige-equipped surface ships thus tended to use AC motors.
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el ectric amedc hgaamsi ctaulr bdmieve propul powerpdarwsel The
electric drive tsgwmigempltonmntquwinet asospreds of up t
gas tmadbhami cal dr i vsep eseyds toepne rfaotri 'chmisgihuaprmt o t he s
sustained speedThef faibrosutt Ty8p ek n203t sf.ri gate entered
drive saywyset dmsenh favorably received. The ships usc
mechaaditcaed¢ ships suse hOlaisv e th eHdJz7Hr dc NPaesnsr yf r(iFgFaG e s ,
demonstrated high reliability, amdearad iwmegr yatqui e
l ower speeds.

In 1987, the cruise ship Queen Elizabeth II wunde
drive system was 71 epl adcreidv ewistyhs taenm.i nTtheigsr astyesdt eenl e
successful 1n oapger aftoiro nwiadneds psreet-d dtihsed spte ¢ bno b 6 g gl
the cruise ship industry. Today, most 1 f not all
being built with electric drive. Electric drive
floating offshore oil platforms, and is becoming
kinds of commercial ships now being baindt with e
cabllacying ships, and research ships.

Current Sthtiuue DfiEeec

Outside the United States

Several foreign countries, particularly in Europ
el edtriive technology in commercial ships, naval
work 1s gaoawmeammhceeedntclountries i1include the United K
Italy, t he Netherlands, Finland, Sweden, Canada,

ot hers.

T——Z>E’Sel "™ee

The eHdectveisystems used today inpsruree gehiepaldn

made overseas, primarily 1imaBurdogadiecvBha ctplpdadaerpr

are Alstom (previdasntlyAkao wBr a wif-CiBhgieclhe ctjo g(eABhBe)r

account for mdstvefsyhttemd ekdadepebamaad Siemens,

which has a smaller market share but is consider
]

as ociated advanced motor drives.

SYSel "™
Devel opment s rdergavred itnegc henloel cotgryi ci n afvoireesi ginn c(l modset 1

the following:

,Q *HQWUDOually &l lanoundlpdodwve r wdr kdbmar-d nese have el e
systems. Until recently,—ebtttofctheatssthmarinnes

2For a discussion, see Preston, Christopher-rDQNYWel Electri
DefenceWeekly September 7, 1985: 473, 475, 477.

23 As discussed later, Alstom is an international company headquartered in Paris that has marine operations in Britain,
France, Germany, and the United St at e busifessisdifeitadframb ur gh and
Britain.

2ABB’ s pr i mdrivefacilitids are in Finland and Italy.
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as the prime mosv,erpsa.r tAl cfuelwa rcloyu nitnr i Bua lolped airre no
independent propulsion (AIP) systemyctbhkatdiesel fu
engines rather than conventional dieseheengines
prime mover, however, tidles vePbbmasines are stildl

1$72E 1 e edtrriivce technology was endorsedsiazsedfeasible
surface combatants by an October 1998 report fro
naval sHKiThidestgdy was undertaken by 50 technica
companies in 8 NATO countries (Canada, France, G
and the United Kingdom).

S8QLWHG .LQJGRIRKMi tion toesthdi Types2d Aboyge, s whoem e
was provided by Alstom (then Cegelec), the Britdi
dri—weseabed operations vessel and a former c¢comme
a forwashi pepBha United Kingdom is also using co
el eatrriivee s yst e ms -cilna stswoa mmpehwi bAilobuiso nschliapsss and t wo
auxiliary oilers, all now under construction, an

Ther iBish Navy has aepnpdroorvseedd aan dl 9r9%6c eMatrliyn er eEn gi n e

Devel opment Strategy that envisages using electr
British Navy is now seriously consddewdmghiiuping
classes, 1neocsliuzdeidn g( bay mié.dS .u ns t a n d aprodwse)r eadi ractrtaafctk c
submarine, and twtoohsuTypeedxodnbattmatsr and the F
Combatant (FSC). The baselinecddsiga- fGrvehet FSC
established use -dorfi wveo nsnyesrtceimsl oenl ercetcreinct |l y order e
auxiliary ships, it appears likely that future ¢
electric drive.

The Br iitsitsthy Mifn Defence has fundddideve¢kbepmodogo
for possible use on future ships under an Integr
established in 1996. The sfel utxe cphenronl aonngeinets nbangecnhegtd e
devel oped by Alstom and Rolls Robyacseed TIhREPBr i t i s h
technology “dahonstunstiag, electric drivel oamd)n e xry
research ship (the Tritoamd mbhaeahanscahtemdiednt of @

25 For examples of discussions of AIP systems onmasiearpowered submarines, see Walsh, Don. The AIP

Alternative.Sea PowerDecember 1999: 337; Scat, Richard. Boosting the Staying Power of the NMurclear

Submarine-DQHTYV ,QWHUQDW L RNQDOO 1399H1B4A/ 45, 3851, Ritethoff, Jurgen. Class 2147

New Class of Akrindependent Submarindsaval ForcesNo. 5, 1998: 948, 100; Wimolph, Wolfgang. The Better

AIP. Naval ForcesNo. 4, 1998: 11416, 118120; Scott, Richard. Power SurgegD QH TV 'HIH QJuly 1, H398! O\

24-27; de Lionis, Andres. The Allure of AIP Beckons the Navies of Developing StaBeQ HTV ,QWHOQOLJHQFH 5HYLHZ
February 1998: 3@1; Robertson, Thomas. Air Independent Propuldiaval ForcesNo. 6, 1996: 389; Annati,

Massimo. AIP Systems: a Solution for Everybodjifttary Technology No. 11, 1996: 10108, 116112; Donaldson,

A. J. Submarine Power Sources ftee MissionNaval Engineers JournaMay 1996: 129146 (includes comments by

others).

26 North Atlantic Treaty OrganizatioNATO All Electric Ship, NIAG SG/54 RReasibility Study, Final Report.
NATO, Brussels, 1998. (Document AC/1®1737, NIAG [NATO Industrial Advisory Group} D(98) 9. For a
published summary of this study, see Weigel, Dieter. NATO Study on An All Electric Wakk&hipl ForcesNo. 5,
1999: 4549. The results of the NATO study are also briefly summarized in Pengelley, RupertgTtimeiiNaval
Propulsion Helm.-DQH TV 1D Y\ , Qlahddyd-EbvidrnRIQID CiG.

27 For a discussion, see Scott, Richard. Rivals [sic] Teams Power Up For Electric Ship Demordr&®dd. V 'HIHQVH
Weekly December 22, 1999: 12.
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warships. (As discussed bel ow, the U.S. Navy 1is
progfam.)

JUDQFFHa s c aupdwared s ubmar i-direisv ea Itle cubsneo leo geyc.t rAGnce p
tat dtsheaecdhlmah Navy 1is understood to have decided
lectric propulsiBdefiomonttdnflusure ewams Frpance is
P permanent magnet -mbidosudpmavteh ¢ dnsaw binmiomr p e n e
ilt in France for Chile and is currently devel
xt Frepolwenrwdl saamtbmarine. According to one sourt

electric motor not ed hsupdisecomdduvctuissg dpd mmd tha
otdr .

*HUPDGQ@\r many i s -dursiivneg seylsetcetmmsi cin minesweeper s, an
whose system incorporates -nucppaamamedts mahmgari n ano
e new Type 202 p@evremand maoant ack submarine, s chednu
03, will use an adwviancedystudbmatrhat eedeludes fu
ternative to a diesel engine and a permanent n

r man c oangpeMoty pr M is also involved in developing
use in all military services. Work on permanent
The German firm MTG (Marine Technische Gesellsch
compétd a design study for the -Gem m3 WATVM n(issmarlyl o f
waterplanbkbubt p aderlieveeif mdiecmon s t r at i egma ps hpiepr mfaenaetnutr i n |
magnet motor; the ship is being beuwielrtk eb ya ntdhei sGer
expected to be*completed in 2002,

a
u
e
f

BOBU‘UQ@V’

,WDQ®\aly is buil dliesg gintesd dwp eG&rlams ubmarines; th
Siemmamde fuel cells and permanent magnet motors.
permanent magnet motor for the I tsaellieacnt esdu btnhaer i n e
Siemens motor.

IHWKHUWODP@R@Yi ficant 1 ecenff haexta medireicvirer iftdeecchtnion g gsyt
deployed form in a 'wameWipmpbibheuDustkhp NRotyt er d
service in 1499mM .s Wihp shdlRi,wad Ol csbymipkeo ¥idend Hol e ¢
Ridderkerk featuring induction motors .®*IThhe ship
additmod,anuary 1998 the Netherlands released 1t s
document, large parts wifngvhhedn atrak eth avearch atrii m efd
antec®dent

S5XVVRDs sia uglesd vel eetcthinol ogy ins ikiebremkeas .a Gi v«
significant naval power and as a developer of va

28For more onthe Brittt N a v y ° «rive development efforts, see Pengelley, Rupert. Future Electric, Harnessing
the Promise of IFEP-DQH YV 1DY\ , QMiAuguE 19oR ADB, @718, 2621; Hodge, CG, and D.J. Mattick.

The Electric Ship, an UpdatBeview of NaveEngineering Vol. 51, No. 4: 1118; and Pengelley, Rupert. Turning The
Naval Propulsion Helm: DQH TV 1D Y\ , QlAhddoy(F-BoviarRIQIDAIG. Electriedrive technology is also

used on Britiskowned cruise ships.

29 pengelley, Rupert. Europeans Bar Electric Drive.-DQH YV 1DY\ , QlAhday(FeoniarRIQIDCB.

30 Electric drive is also being used in French cruise ships and chemical tankers.

3! pengelley, Rupert. Europeans Go For Electric DriB.QH TV 1DY\ , QlAhdasy@rBoviarRIQTBO

32 Electric-drive systems are also used in Dutch ferries.

33 pengelley, Rupert. Turning the Naval Propulsion Hel®.QH TV 1D Y\ , QJAhidauy-EbviarR QI Q.
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and-tgmasbopel pron) , it 1s very possible that Russ:
available resourcednpi morteallvahegidessl ectric

In the United States

El e edtrriivce technology i1is used on a few tU.eS. gover
United States by both tf#e U.S. Navy and private

171 "YZr——Z—e1 " ™ee

U. S. government ships equipped with electric dri
Healy, which wasF¥Ptr9¢Ireddiantfdd d® Oosledrevii ce in 19
icebreakers, several MbbetratygdSSDHeGOKte aGio mmarnvd i (1N
ships procured between FYXYWP2I oxrrd nFYulr%eOd, ngg v
procured -Fithl 91,9 9%0n d-t gpEtecwcAG@Rghaphi psr¢haa are
operated by academic’si Untiivteutsidrys NandomatlhOcNawny
Laboratory System (UNOLS).

i 71 SYC1 e70¢1S—el ZYZe"™M_7Z o] ee™sece

The Nawmpre redentvteelechnobogy studyiand9d®vel opt
with an ass<essment o6fchhehogy in the area. El ect
Navy for wuse in the DDGX, whSilc)h cbleacsasmed etshter oAy el re.i
decision, however, was subseaeapuwdantalnd mseaeherdudd dues
In 1984, the Navy explored designs for a potent.
Navsy aging-l10nfa2x) (cHRss frigates. The FFX program
informed later Navy efforts on electric drive.
Aseries of Na vly9 89t uodni eas piont e1k9%8 6a hi gdesalt bydrt he B:
Combatant included consideration of a variety of
drive. This work was carriegd Spswemd Datensthet I
Program (I WSDP) , which was later dropped.

In Septembdt SIILh, efhodf Naval Operations Admiral
of electric drnestfenrfhec MNa ohhf98%9% ,a ntthe I Naswy fund

34 For an overview of U.S. government and industry efforts on electric drive, see Walsh, Edward J. Transforming
Shipboard PoweiSea PowerOctober 1999: 582.

35 For information on this Navy interest in electric drive during this time, see, for example]IRlemses A. Navy
Eyes Electric Drive For New ShipNavy News & Undersea Technologganuary 3, 1986:-2; Russell, James A.
Electricdrive Ship Gets Boost From Superconductbi@vy News & Undersea Technologduly 3, 1987: 4; Elliott,
Frank. Electric Dive Warships Will Revolutionize Ship Desigdavy News & Undersea Technologyne 6, 1998:-4
5 (see also related article on pages 1 and 3); Rumsey, Anne. Navy Ready To Award Work For Electieferige.
Week July 25, 1988; Black, Norman. ElectricByoposed As Power Of The Future For Navy Warslijpstford
Courant September 30, 1988: 8; Trost Endorses Electric Drive, Promises Use In FuturéStypsews & Undersea
TechnologyOctober 3, 1988: 1, 3; Halloran, Richard. U.S. Plans Electric Poviznite New WarshipsNew York
Times October 9, 1988: 37; Matthews, William. After 75 Years, Navy Returns to Electricity to Power Its Ships.
Defense New®ctober 10, 1988: 6; Rumsey, Anne. Adm. Trost Puts Electric Drive Into High Defanse Week
November 28, 1988: 5; Friedman, Norman. Electric Drive Revislte8. Naval Institute Proceeding3ecember
1988: 149; Navy Begins Work on Propulsion System of the Futlarey News & Undersea Technologgbruary 13,
1989: 45; Walsh, Edward J. Prime Movef3ea PowerMarch 1989: 558; Rumsey, Anne. Navy Slows Drive For
ElectricPowered ShipdDefense WeelMay 15, 1989: 7; Lane, Maury. Navy Designs Radical Ship Propulsion System.
Defense Newsluly 3, 1989: 1, 28; Superconductor Technology Would Cost 2&8% Than Navy Electric Drive Plan.
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fussdale advanced devel-dpimeamts wotrdkmofaiomrmna e§ WATtH iscl
a

the Navy beg n devel opment work on a zonal elect
form part of adriwndcgyatem. chre aAG@ yweresmi chm so fb esewmnc
incorporated into 1at erl (pFloiggrhatm.I ITA)e -Sfhiirpsst iFnl itgh
was procured in FY1994 and is scheduled to enter
under devel opment

i 71 SY¢1 1 >7e>S—

In 1 Na¥,y @rogit@emtomr ya Relstroyer, usisng work done
Advanced Surface Machinery Program (-Ad8S8MPg, concl
system it oetshegnshkiopmpld actually reduscyestietms pr oc1
and car frye douuwctt iroins kwor k, the Navy in 1995 establi:
(IPS) Program.

In 1995, the TIPS program supportseadl egaapknadd deve
permanent magnet motor. ThNewwoSkipbuasilddnagby KNa
Electromagnetics Corporatlon (KEC) and the Naval
Annapolis.

Since 1995, the I PS -sparaolger aand vhaamsc ecdh rd el wedl copurhe nftu 1 w
drive. The TIPS pr ocgornasnt rruecctesinotanll yeb,fe dandnfldgél¢ limadn s t r at i
el eadtriive system. Testing of this system, locatec
( NAVSEA) Advanced Propulsion and Power Generatio
the site &f ladel phimemaRal shipyard), began in I
continue through FY2001.

The Navy is -bmssiendg stylsitse ml aasd par tr @eduat demoafsftamtt
el eadtriivee technol ogy-2iln pg ® gaimcanl lianm.¢p aAr hsee cDoInd g o a |
develop the site as adrtievset tfeacchinloiltoyg yf odwe vfeul touprmee ne
prime contractor for this system is Lockheed Mar
provided by Al st oamm.e Saelvseor ailn vootlhveerd .f i r ms

The TIPS program dsiaksodoechnblowgyelwecechritdhe Britis
technology demonstration-UsKiptErcihmod ogsy plemtone fi 1
effort Specificallyi,tamhet dJ.tSes tNaevlye iwel i-thsi psfe tthee
wide power di s tsreiab utteisoons swyistthe m.h eAtTr iton are sch:q
continud to 2003.

Inside the NavyAugust 28, 1989: 7; Electric Transmission and Podded Propulsors For the US Navy of the 2000s.

Maritime DefenceNovember 1989: 355 5 6 ; Navy ‘Integrated ESeaPowerkebruaDr i ve’ R &D
1990: 4243; Navy Abandons Goal To Install Integrated Electric Drive on E-d@estroyerinside the Pentaggon

November 15, 1990:-8; Navy Officials Say Service Is Abandoning Electric Drive on DBIZ ShipInside the Navy

November 19, 1990: 1, 112; Lawson, Richard. Advanced Shiryopulsion Program Changes Name, Focuses on
Affordability. Inside the Nayy No ve mber 18, 1991: 16 ; Rosenber g, Eric. It s
Defense Weelanuary 21, 1992: 2.

%6 For descriptionsofthe IBSr o gram in its earlier s-Generation PowerPropulbinS: The US
SystemMaritime DefenceDecember 1996: 27879; Doerry, Norbert, et al. Powering the Future with the Integrated

Power SystemNaval Engineers JournaMay 1996: 26728 2 ; Wal s h, Edwar d J . -Bleaticface Fl eet
S hi Sea.PdwerMay 1996: 3334.

87U.S. Department of the Nav§RIMARAN Integrated Power System (IPS) Project Plgtashington (?), 1998, 16 p.
(December 1998)
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In 1998, the IPS prog2dmpwagramandffececedAt ohohgh
Na3s work on electric drive in recent years has

additional work has been conducted outside the I
outside of the TIPS program on el &8t rilThidr woa kf or

focused on devediotpd nlgkrsiavbemnastryisntee ms t hat empl oy p
motors. Participants 1in tEhliesc twoirck BiebBagth madnedc §Felneecrta
divisions, Newport News WBhiphghbdMewhEhKEGI oEat on
Division.

171 SYCL Z—e'—ele™1 «ZE>"E1l >'YZ
The tables byedaow ChYW) G&)i oand pro-EY2mtned NFWYRO0OO0I1
funding for® electric drive.

Table 2. Prior -Year Funding for Navy El ectric Drive Research and Development
(FY1989-FY2000)

(millions of current dollars)

FY89 | FY90 | FY91 | FY92 | FY93 | FY94 | FY95 | FY96 | FY97 | FY98 | FY99 | FY00

24.0 29.0 52.0 12.4 9.1 9.7 13.7 28.7 213 26.5 31.8 25.7

Table 3.Programed Funding for Navy Electric Drive Research and Development
(FY2000-FY2005)

(millions of current dollars)

FY00 FYO01 FY02 FY03 FY04 FY05

25.7 84.1 106.3 69.3 26.9 10.0

—eZ7@e>CLl ZYZeT™M_Z —e1 oo

Severalseprtiowa tfei r ms 1 n t he ol ietedktrdi ivSet atteecsh morleo gnyo wf
the U.S. Navy marksedctdt ¢evastic¢chreecdpdpfdateng c
systems t% the Navy:

38 These tables do not include fingd for research and development eleettiive technologies carried by the Office of
Naval Research (ONR). Prior to FY1994, ONR funding for electric drive amounted to less than $1 million per year. For
FY1994 through FY2000, ONR funding for electric drivas as follows: $4.3 million (FY1994), $2.1 million

(FY1995), $13.1 million (FY1996), $21.8 million (FY1997), $21.5 million (FY1998), $26.8 million (FY1999), and

$47.9 million (FY2000). Source: Department of Defense information paper on ONR initiatppstiug electric

drive, provided to CRS by the Navy Office of Legislative Affairs, July 17, 200058A379).

39 For discussions of industry efforts on electric drive, see Nagy, Barbara. Propelled By Uktgatfoyd Courant
April 14, 2000: E1; LermarDavid. Power PlayNewport News Daily Prestarch 12, 2000: 1; Walsh, Edward J. A
Fundamental Change of Directiddea PowerMarch 2000: 245; Schweizer, Roman. Newport NeWaman Unveil
Electric Drive System to Challenge GD Tednside the NavyAugust 16, 1999:6; Muradian, Vago. NN&aman
Unveil Modular Electric Propulsion for DR1. Defense DailyAugust 13, 1999:-8; Holzer, Robert. Newport News
Pushes Electric Drive Funding Scherbefense Newday 31, 1999: 6; Holzer, Robert. Genergiamics Pushes for
Electric Drive.Defense New#pril 19, 1999: 4, 26.
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X $OVWRP SUHYLRXVO\ NQRZQib\VY &HadaHOHFP nal company

headquartered in Patriiosn st hhant Bhraist amanr,i nfer ampceer,
and the United States (in Pimasbmegh and Ph
business is directed from Britatn. Alstom h
drive technology since 1920pmhidernt oadfay is a
commercial amndd invaev asly setleemcst.r iTche ~-company suppl
drive systems featuring synchronous motors
featuring induction dnd permanent magnet mot
X an industrYyHQHWDO NQDPHRWNLKMUIRW di ng desi gner
builder of UTWBe Naam isthdlpsdes,s among other
Electric Boat and Bath Iron Works shipyards,
WestinghowMee hEheetado Di vision (WEMD), Eaton
Northrop M@arimmamBystems. This tdaameis devel op
system featuring a per manent ma gne-t mot or .

X an industr 3IHZSRUW DLHAV BEKNNBSYLOGLQJt her 1 eadi

designer and buil®The &ANSU.tSE.amNady os iinpgs .udes,
amontgheor fir ms, Kaman Electromagnetics Corpor
and builds electric motors and related systert
el edtriive system featurifg a permanent magnet

In addition to thefermhreceealsoicenyodbrvitvderi tJ. e v
technologies or components. These include, among

X $PHULFDQ 6XSHYFRYWEXEWRUough, MA, which is deve
conjunc S5RENZWOO® KRU SIRWBDiWLleRrQc onducting synchron

(and also superconducting wire and related

incorporated into various electrical Systems)
X *HQHUDO $WRBLmV Diego, CA, which is developing

homopolar motor that was progenossby whder
Uu. S. Navy.

40 Alstom has supplied electridrive components or systems for scores of commercial ships and several naval ships,

including the British Navy’ sstaffiygpneooQ, its twfomawdieckass, whi ch enter

amphibious ships, which are scheduled to enter service irZDIR, and its two new Waxdass auxiliary oilers,
which are scheduled to enter service in 20001. In addition to being a principal supplierofthe S. Nawvy’ s 1 and
based electridrive prototype system in Philadelphia, Alstom supplied the eledtite systems for the U.S. Coast

Guard’s mnew icebreaker, the Healy, and t h-23),Whchwadss new ocea
procuredi F Y1990 and entered service in 1999. For a discussion

Henry J. Powering UlhilaBelphia IMuirerdune52000s S hi ps .

41 General Dynamics owns 3 of the 6 shipyards that build major shigisefdtavy- the Electric Boat Corporation of
Groton, CT and Quonset Point, RI, which builds nuecfgarered submarines, Bath Iron Works Corporation of Bath,
ME, which builds surface combatants and amphibious ships, and National Steel and ShipbuildingyGhiiESCO)
of San Diego, CA, which builds auxiliary and sealift ships.

42NNS, which is located in Newport News, VA, builds nucipawered aircraft carriers and nuclemwered
submarines for the Navy.

43 Although the General Dynamicand NNSled teams & both developing electridrive systems featuring permanent
magnet motors, there are numerous differences in these two systems. For example, although both teams employ
permanent magnet motors, the two teams have taken different approaches to the tiesigontfol mechanisms for
the motors, which is why the NNB8d team sometimes refers to its motor as a brushless DC motor.

Congressional Research Service 29



Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for Congress

Associated U.S. Navy Ship Progr ams

Several U.-a8ScqWiasviyt ischn pprograms are (®rebteuatdibdbe)

drive program, including the following:

x " IDQ&EWWDFN '"HVWURTHW SURIWYDRAeo Nanam t o

develop andgpmecuwutde on saxtf ace combatant foll
completion of the c¥Hrdnpehe gAs]l diegh rByrke pt DD aG:

program. TPhle ifsi rtsot bRBD procured in FY2005; a
about 32 ships is envisioned. As mentioned
January 20021 tvhialtl tuvhsee DDl ect ric drive. I n 1

announcement, as wlll paogrhem sndetdt thet DDh:

DD21 design is thefdNonmgkher dBidamsr@@dser

(which i1is to be procured 1f phlogwiamg eemmlagptsi o1

sometime after2lF YprOolgdir)a,m tihse wiDdel y viewed a
acquisition program currentdtyedowittlkliobely
Navsy el-dctve®®effort.

X 9LUJLQLD 68&DDVV $WWDFN 6XEPPULOH BYURIWUMR p in thi

rogram, previously known as the New Attack

for the next five ships to be procured
d -FFY©22000051. A total of perhaps 30 ships
red. Thec lcausrsr ednets iVginr gdisneivae as mec hmni badt
edhmsmuch discussion of building future
n that wuses electric drive. Because of
tial f£dmstshadeV¥iirggmi tioa fsrmexhe basis of
ati oins sbiallel issubbmam ne (which might begin
, the Virginia c¢class program is also
triive*®effort .

'& ; $X[LOLDU\ 'U\ &DUJRTBKILS BWRIWPYPDOP gr am i s
intended to emtosvifder rseepMarcalm ol der Navy
TADC(X) was procured in FY2000. The sec
FY2001, and the remaining 10 ships 1in t
per i od -FFYY22000052.

o N0 T A TTo T 60T o

$h —oOo0 00 = o e

X
~

cured in FY1998. The s e c ocnudr rsehnitp pwaasn spr o c

X -&& ; -RLQW &RPPDQRODQELEZRQWUW ogram would repl acc

Navsy four aging command ships with a new cl
Control (JCC[ X] ) ’ss hciuwrsr.e nUtn dpelra nt ,h et hNea vfyi r s t
procured in FY2004.

X /+$ 5HSODFHPHQW 6KLS SURmMUREB ul d respliace the Navy

aging Taerlaywac l(alsthA amphi bious assault ships,

t hyeeiarr 3sSer vi ce 11 veX0 IdSu.r i Thhge tthier spte ro fo dt h2e0sl

of
ships-], LHA t o be -8r,e pwlhaiccehd whiylds b€ t HI® e i ght h
1) class amphibi-buiss aswramdrrtt Isshipl aldHdd for

44 For more on the DE21 program, see CRS Report B30 F,Navy DD21 Land Attack Destroyer Program:
Background Information and Isss for Congress by Ronald O’ Rour ke.

45 For more on the Virginielass program, see CRS Report RL300d&vy Attack Submarine Programs: Background
and Issues for Congress by Ronald O’ Rour ke.
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FY2005, but its procurement could be acceler:
replacé@  3LHAsAnw&will be pr8€ured after LHD

X &91 ; 3URJDD® CVINS( XX)h’e Nhaygedemaxti on aircraft
carrier. Under current Navy plla)nsi,s tthoe first
be procured in FY2008%)and *FWN20$tcond (CVNJ[ X]

X &RDVW *XDUG 'HHSZDWHU SUBRMHP Wa & XWMbdidtoijoeucst 1 s an
Coast Guard program to refprleather e} s aging dee:;
capable cutters and asrseschd¢dul &nfler the Deoap:t
project, the first new citter would be procurt

Navy Report to Congress

Thel 6wing is the exec ust iMaer cshu mnPa9r9y roefp otrhte tNoa vGo n
prospects for a common electric drive system for
the April 12QVUOH WKHslsDuvd o f

The Navy evaluated electric drivaexhatives for future submarines, surface combatants,
and aircraft carriers. A team of Naval Sea Systems Command technical experts studied the
feasibility of common electric components for integrated power (electric drive) systems on
DD-21, CVN (X), and &/IRGINIA Class (NSSN) variant, and concluded the following:

— acommon motor, or multiples of a common motor, could accommodate the range
of main engine horsepower and shaft speeds for surface combatants, aircraft carriers, and
submarines;

— generator cmmonality is limited to surface combatants and submarines due to
size and power requirement incompatibility between these platforms and aircraft carriers;
and

— a common motor controller for all applications is not practicable, however
common subcomponenfor all three applications is feasible.

For future aircraft carriers, there will be a need for an increased electric generation capacity
for loads such as an electric catapult and recovery system, future electrically powered
weapons, and countermeasuith this in mind, the Naval Sea Systems Command has
studied options for electric drive and increased electric generation capacity. These studies
concluded that while electric drive was feasible, mechanical drive is more appropriate at
this time. For a dp the size of an aircraft carrier, electric drive did not offer space or
weight savings over a steam driven mechanical drive design with appropriately sized
turbine generators. In addition, the studies found that the most affordable method to achieve
the objective of increased electric generating capacity was to use mechanical drive with
larger turbine generators.

A Navy integrated power systems development program, which demonstrates a full size
induction motor and other components for potential usetimdisurface ships, is entering

46 For more on LHB8, see CRS Report RS20568vy LHD-8 Amphibios Assault Ship: Background and Issues For
Congress by Ronald O’ Rourke.

47 For more on the CVYN(X) program, see CRS Repor898 F,CVN-77 and CVX Aircraft Carrier Programs:
Background and Issues for Congressby Ronald O’ Rour ke.

48 For more on the Deepwatgroject, see CRS Report-830 F,Coast Guard Integrated Deepwater System:
Background and Issues for Congressby Ronald O’ Rour ke.

49 For news coverage of Navy report, see Schweizer, Roman. Navy Wrestles With Prospects, Price of Electric Drive for
Subs, Sips. Inside the NavyApril 12, 1999: 89; Holzer, Robert. U.S. Navy Strives To Electrify Future Combat Fleet.
Defense New#pril 5, 1999: 1, 50.
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the full-scale system test phase. This motor would not be appropriate for submarine use
because it does not have the power density or acoustic performance needed for submarine
applications.

The Navy has done extensive wookaissess the viability of superconducting direct current
(DC) homopolar motors for electric drive. However, there are significant technical
challenges associated with homopolar motors. While come progress has been made in
overcoming these challenges, mos@rk is required. As a result, superconducting
homopolar motors are not considered a viable option for electric drive at this time.

The Navy has concluded that the radjap permanent magnet motor possesses the power
density, acoustic performance, and uniy of technology to be a viable propulsion motor
common to the broadest range of ships. We believe that this is now possible due to the
recent advancements in technology which are being pursued by industry in developing
propulsion motors based on perraahmagnet motor technology.

The Navy recognizes that a common development program would benefit both future
surface combatants and submarines. Such a corporate program would allow the Navy to
maximize life cycle cost reductions while satisfying perforneaneeds of the broadest
range of platforms. Common technology presents an opportunity for a common support
structure such as personnel, training and maintenance facilities.

A Navy corporate integrated power system development program will benefit fupse sh

and allow horizontal integration of technology, components and training across the
broadest range of ships. Therefore, the Navy is currently considering an expansion of its
integrated power systems development to a corporate Navy program includiérof-sta
the-art permanent magnet motor technology. Our plan includes an aggressive evaluation of
the application of these technologies and the benefits associated for each type of platform
including life cycle cost, logistics, and training reductions.

A summary comparison of mechanical drive versus an integrated power system (electric
drive) is provided in Table I.

Table | - Mechanical vs. Integrated Power System Comparison

Mechanical Drive Integrated Power Integrated Power Integrated Power
System with System with System with
Induction Motor Permanent Magnet Homo -polar
Motor Motor
Sub- 2Does Not Meet 2Does Not Meet + Meets Future 2 Significant
marine Future Acoustic Needs | Future Acoustic Acoustic Goals Technology
Goals + Meets Mota Size Development
2 Required Induction | Requirements Required
Motor Size Is Too + Commonality Is
large possible
Surface 2No Fuel Economy + Provides Flexible | + Commonality Is 2 Significant
ship Improvement Power Distribution possible Technology
2No Flexible Power + Provides Naval + Provides Flexible Development
Distribution Architectural Power Distribution Required
Flexibility + Provides Naval
+ Life Cycle Cost Architectural Flexibility
Savings + Life Cycle Cost
+ Lower Savings
Development Risk
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Mechanical Drive Integrated Power Integrated Power Integrated Power
System with System with System with
Induction Motor Permanent Magnet Homo -polar
Motor Motor
than Permanent
Magnet Motor
2Commonality Not
Possible
2Motor Larger than
Permanent Magnet
Motor
Aircraft + Future Power + Potential to meet + Potential to meet 2 Significant
Carrier Generation Needs Can | future goals future goals Technology
Be Met With New 2Not Cost effective | 2Not Cost effective Development
Electric Plant for CVN (X) for CVN (X Required
+ Most Affordable
Carrier Alternative
Note that the b d oedr inwet ssypsetcei nfisi cfael al tyu raidndg eas

t a
superconducting)
at

l e
shmeslker amou h emedtoanme(r lsiylad e enk e ¢ t r i
currently oper ng

i on cruise ships and other sh

Congressional Reaction to Navy Report

In marking
Commi ttee

up ¢ hppr Aplons md sE Y2 @ G ® nd erfneends eS ebruvdigceet s,
stated the f 0sl IMawicnhg 1i9n9 9r eraecptoirotn: t o t h

The committee notes the Navy’s increased interes
propulsion technology and the potential use of electric drive propulsionuire fatirface

combatants and submarines, including insertion of an electric drive propulsion system in

the DD-21 land attack destroyer and in the New Attack Submarine (NSSN) programs. A

common integrated electric drive system appears to offer significaantdes, however,

implementation of such a system has been limited by the technology needed for reliable

electric motors of the power (approximately 30,000 to 50,000 shaft horsepower (shp))

required. The committee is aware that several alternative elgutjmulsion motor

concepts have been proposed that are of varying degrees of technical maturity.

The statement of managers accompanying the conference report on H.RHAE3!.(
105-746) directed the Secretary of the Navy to provide a report to the Congress which
evaluates the installation of a common integrated electric drive system {2l DDNSSN
variant, and [also evaluates designs for] the sgexieration CV(X) acraft carrier with

both a common integrated electric drive system and a conventional mechanical drive
Ssystem. The Secretary’”s report, dated March 1, 1
that the radiagap PM [permanent magnet] motor possesses themaensity, acoustic
performance, and maturity of technology to be a viable propulsion motor common to the
broadest ranges of ships and that the Navy is currently considering expanding its IPS
[Integrated Power Systems] development [program] to a corpeeatgprogram that will
include stateof-the-art permanent magnet motor technology....
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The

The committee will consider recommendations by the Secretary for further development
and demonstration of electric drive propulsion technology for Navy ships whiclifydent
necessary funding and provide a program plan for developthent.

Senate Armed Services Commist tienet,e girna tietds

systems devel opment effort

O® T ey

oo 5
—T O O

is designed to explore technologies required to develop power sytbnesuld provide
innovative means of generating, controlling, distributing, and using electricity in future
ships. Propulsion motor development is a central focus of these explorations by the Navy
and, independently, by commercial entities.

A recent Navyreport entitled A Report to Congress on Navy Common Integrated Electric
Drive Systems, addressed electric drive alternatives for future submarines, surface
combatants, and aircraft carriers. The study reached several conclusions, to include: (1) the
radid-gap permanent magnet motor has the power density, acoustic performance, and
maturity of technology to be a viable propulsion motor common to the broadest range of
ships; and (2) superconducting homopolar motors are not considered a viable solution for
electric drive at this time. The committee believes that broad application is an important
aspect of reducing life cycle costs to make the fleet of the future more affordable.

The committee understands that the Navy is considering an expansion of theddtegra
power system program to include permanent magnet motor technology. The committee
encourages the Navy to take this step, however, the committee also expects the Navy to
continue the technology base investment in superconducting alternatives as \pit#h, des
the fact that these technologies will not be mature enough for immediate applications such
as DD215

sues for Congress

edtrriivce presents several potential i ssues

1
o w.

Electric Drive in General

Electric Drive as a Technology Area
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uisition decisions, but as a Bbtreoramder technol o
agement and oversight and ausemeast dEfcissoasc
etching over the course of several years

en the many (and in some cases compe-ting) pos
ve technology ovecrmimenpagomdmntctamg dvagerght

50 H.Rept.106-1620f May 24, 1999 (House Armed Services Committee Report on H.R. 1401, the FY2000 defense
authorization bill), p. 194.95.

51 S.Rept. 10600f May 17, 1999 (Senaterfed Services Committee Report on S. 1059, the FY2000 defense
authorization bill), p. 23233.
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52 An exception would be if a decision were made to attempt to achieve significant further improvement in the quieting
of mechanical drive technology. Sucheffort could require significant additional research and development funding.

53 Some sources disagreed, stating that eledtiie@ would be roughly as expensive to procure as mechahival
technology, and perhaps (a couple of sources stated) somesdakpensive.
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54 Castelli, Christopher J. Navy Plans To Study Potential of Electric Drive for Ships andrBidesthe Navy
December 28, 1998:1, 10.
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Some of the risks indolvedtenhdoeVoplygyphageebeetrnn
successful devdropmettechhodbogyt fioe commercial sh
argued that the sakmoiunnvto lovfe dr eimma idneivnegl orpii ng el ect r
low to moderate, and that development of electri
ot her echnologies that the Navy has successfull
degreeskfmay be higher (moderate or even potent.
particularly if the technology is developed on a
The degree of technical risk involvedugh develop
more intensified research and devel opment . leen
possibilities thadrecwer¢rchynod¢nigyt Tt heebhmountcof
devel opment funding that until amac e¢rhtel polt@asntheadn
and warfighting benefits of electric drive, an a
could be further elevated’si wmepriaarciht ya nals daew ed logn
account
Electric drivane almewd her ,onilsy bpy ommd sing technol og:j
Department’sobvethael Nabydget (or its research and
relatively stable, applying significantly more f
el ect rmicg hdtr icvoeme at the expense of other promis:i
potential implications for other Navy programs o
the need for ddvdalepitrmghawmlolgygctimive s smentmdr oadme
systematic measures of the potential costs and b
Common System
As noted earlier, the Navy stated in its March 1
el eedtriivee components is o€aNableshopssemdrahakinpt
drive technology in the form of a common family
Navy.
The Navy and the other military services have us
ot her e-gaoqwimeiptriogr ams over the years as a means
requirements in the most efficient manner possib
long had common guns, missiles, weapon |l aunchers
stsems and other electronic systems that are 1ns:t
of ship propulsion, a single type of nuclear r1ea
Navy submarine classes, andthe siMZIQROY ylpas ofe gn s
the prime mover for every class of major surface
1970s As the Navy has declined in size during t
emphasis on achikweyngquompmental atyosesé ship classe
preserving economies of scale 1 n -ceyqculiep noepnetr adteivoenl
and s®pport
Potential advantaglesi veef say scoemma m re lae cftarmid y of ¢
apphtion to both submarines and various surface
X neaterm cost savings due to streamlining of r

(1i.¢e.., avoidance of paradldrdlvedswsltemment of ¢

55 See, for example, Schweizer, Roman. Requirements Chiefs Approve Plan to Focus Common Technology
Develgpment.Inside the NavySeptember 29, 1997, and Schweizer, Roman. Requirements Chiefs Consider Pooling
Money to Develop Common Componeritsside the NavySeptember 15, 1997.
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56 For an article discussing the potential benefits of a common eldcivie system, see Bartlett, E. L., Jr. Electric
Propulsion: Commonality Is the Only Way.S. Naval Institute Proceeding&ugust 1998: 7473.
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Providing such support would reducedtwiet kresearch
pursuing a common electric system or family of ¢
alternative technical approaches that could be n
today. Financially suppotwoirsgamadt eotmpalt i agwn ¢t ha
could maintain a wider set of alternatives and s
government over the longer -dumvastec¢chsoughy tow 4
technological advancements.

Motors
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ships concerns the type of electric motor that s
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motors.,enpgemmagmet motor s, superconducting synchr
homopolar motors. Each of these 1s discussed bel
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sing a commercialrliweawaisltaebn © ne lamc tarua 1 1 ary Na
ssue concerning the extene o06fchbomhmhogyl ony UoS. e D
quipping auxiliary ships with commercial systen
ifferentiate them from Navy shipsSusNagytwesdnol
nd thus reduce edommnvoen atleicthyn oilno geyl ewci ttrhiiecn t he U. S.
owever, make these auxilddaryeshephnobmgpnt oncth
nd ot he commercial slhiamsg,agend fpdehmitectomomites &
xist fo thecpcbdusuppnranﬂofifhese Ssystems, t h
and possiblyrmbhehg¢dobenbEi tosthat commonality w
chieve. I'n aadwly tawxi,] iiafr yf usthmirpes Nare built t o mo
. S. Navy military) standards of construction, A\,
t might be viewed as appropriate to eyqQuip these
l eadtriivee technology

w500 S 06y 00 S ame

incestodmmercially available electric drive sys
ommercially -dvavédadbyetemeonrae auxiliary ship c
se ofmdde cepgaphdncslioogmy teen a U. S. Nmudeship. Usin
ommer cialieleestysitem on a U.S. Navy ship might
ontributingwhy -HuBoppedart twaleatiamd defsstime ms . Polii
owevetradaveonally been highly rmasdestant to the
echnology in the construction of U.S. Navy ship
nd weapons), in part on the grouongmenhatintaint
oreign country could delay or disrupt a U.S. s h
upport these ships once they are in service, ©pa
Alt houdphs¥dSfirms i-dvdDVvVeweglgchamwdloopgmant so far h
not to develop competing systems engineered to ¢
commer cialrielee stysitems in the future could still
States, either dyEur dpSansfibsmdomrlyyod U.S. firm
European firm. This could reducdewvalyopéedk associ
commer cialrielee styrsite m.
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The induction motor i s -ngoesnte rnaattbuyr e¢ ynpos i d eredpphe c
large ships, afteAstkhéeésscysskdoraudimotort is the
Na vsy l-taensde & cfad lel-derlievcet rdiecmonstration system in Phi

The induction motormora dPewmedde¢ hangtht€i symechy onc
Most of the sources consulted for this report ar
powdense to be suitable for use on U.S. Navy sur
however, mosntludumgeg he U.S. Navy inalise March 1
argue (or do not contest) that-deheseinduqtuien mot
suitable for use on U.S. Navy submarines.

Because the inductiememdotmonr ei smaganmer dlelchhnod mgii &
than the permanent magnet motor -drisvsapeyscbpbaduwtft
an induction motor might helg@drmivei geachnoho gryi s ot
DD21 proigmaen.t Se induction motor is mnot consider

57 The induction motor discussed here is sometimes called the advanced induction motor to distinguish it from earlier,
less sophisticated induction motors.
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submarines, howe v2Ir , waawlid gprndclomdd haec DiDe vi ng mot
surface ships andssaebéamtyaepr ograme Navy

n addressnagitlyeiscsommo one potential 1issue for
l eedtrriivee syst-2im fisornghenDDnduction motor could
reserved commonality with submarines 1in compone
hhker t-he DPstem could be designed so that the i
0O a permanent ma gne-t or superconducting motor.

the induc#ilomrmottchre rom htilps BB uld similarl:
ding dswvebb6pfdreeghnol ogy, since this motor
aszed firm (Alstom) while U. S. firms are foc
uperconducting motors. As mnoted earlier, ho
d(other componésntldamsdefd tHecvtfr8emdavyyration
as esbabbkbdsbadsUdbaries in Pittsburgh and P
efforts for the U.S. mar ket .
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Thper manent magnet motor can be mhedmres equtitcamr rt lmend
induct i-eem omogthors o that it is consequently consid

well as surface combatants. Asgeneondd¢tguagcege th
the permanent magnet motor can be used in a c¢omn
ships and submarines’s Masrabttd9@aré¢pert tbeCdNagy
permanent magnet mot otrhea sn etahree rmotteorrm atvhaaitl awboluel di n
common -dtewersygstem. Both the 1998 NATOemteport a
advancedrelvec tdreivee ]l opment effort similarly focus

The permanent magmetmrmoterc hnollogd cally than the
consequently at this point may poscec-tmame shdwpel op

acquisition proXxl adne sturcchy @ars. tlhre cDdDnt rast to the
whiicsh being -teslte df dmis falfedhsde d Nasvsy site, the per
mot or will bes ctaelsethefods si@np @gqwaearr)t efro =Snt aolne LVSeVW i2c I(eL a2r)

so known ad¢ htth®Na@yiptloxogmatretdehre osmemanned s ubmar
r testing technol ogi ecsl afsosr spuobsmsairbilnee uasned oont htehre

submaPime sNawWygecision to use a permanent magnet n
is important t e satmovuenhti colfe Naevfyl eccotnsf iad ecnecret aiinn p
t technologsgycalhhde ffemmt in quarter
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Sources differ regarding the amount of technical
magnet motor to full size Fimens matvoel vedc hmoldeg
argue hat the basic technological 1issues 1in per
that scaling up the technology will not pose any
invol ed in devel opinrg, oarthguwi ntg ptelsa tofsramaeltior g ,uple
A key issue at this point 1is whether the per mane
timely incorporation2intdbatgdes TdeadNshgp amnobhecd
FebruaryelR®90the¢ opdocur-2imebhy offetheafi¢cso PD20O0S5
things held equal, reduce the-2rli swk téhs-dhme iedteacd rwi
system using a permanent magnet mpops do2DDUnder the

58 Costa, Keith J. Newport News, Electric Boat To Outfit Test Sub With Electric Drisiele the PentaggriFebruary
25, 1999: 15.
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FY2004, most sources agreed that the time [Iine f
the lead ship would have been challenging. The a
though much will stilleWelpemme mtn wdrek itnhtatn siist yc @
motor (which will depend in part on the amount o
unforeseen 1issues arise 1in scaling up the techno
I f the permanent magnet mot olrl isen dtel2dnefdit msotmt Dnld t u
policymakers could face the #2sls uper oogfr awh esthhoeurl dt hbe
with the permanent magnet motor (when 1t matures
built that arekibmdldf wndthormn dpdfdsumably an induc
backfitted with the permanent magnet motor at so
issues could involve weighing tdhrei vpeo tceonntpioanle nbte n e
commo n atlhiitny Pwhie c DPss against the potential benef
DD21 c¢class and other, subsequent, Navy ship clas

U. S. (as well as Europedmihhvd igmst ame wmeiymg opd mma
motor technology. The U.S. Navsyrdamr tshyisst edne wes li mpx
permanent magnet motors without mnecesmadei ly 1 ais
or f edreeviegmped technology.

As mnoted e alr919i8e rNATHo trle ptolr ¢ ’sa ndde vtehleo pBnreintti sehf fNoarvtys
some degree eofnl utxh ev etrrsainosnv eorfs e¢e he per manent magmne:
radgaapp version being developed by U.S. tfoirms. Th
the relative 71isks-fdmd megrdiptr swéarfs litohnes ,t raannds vwehresteh
devel opment efforts shouldfimxl véde smome Waplpootn e
transfleurxsever sion beliewvedesi gn, bbut hsomessoute:

may pose greater devedowpmbasti gn.sks than the radi
Some sources for this report, particularly suppo
technical 1issue regarditnhge ypearmgameed tp omsaegsn eatn neolt eow
the event of an i-citreawmiatl) fiam | #td opis. dellt, ® ma twhhaotd itm g
occur in an electrical motor. The issue arises b
mot or, ahseri tmoitsori nt yopte s js tma gtnwe¥ Tihcioffi etlidey mot pue d,
creates the potential for a permanent motor to a
winding fault, particularly if therfatlstomecurs
speed. This situation, they argued, would create
the motor back into the fault,®exacerbating the

591n a permanent magnet motor, the magnetic field that interacts with the electrictd fiosate mechanical

movement is created by permanent magnets that are built into the rotor. The magnetic field thus continues to exist when
electrical power to the motor is cut off. On other motor types, the magnetic field is created as a produdtaf elec

energy flowing through the motor, and ceases to exist when power to the motor is cut off.

60 Electrical motors, which convert electrical into mechanical energy, can also, if operated differently, act in the reverse

manner as generators that converechanical energy into electrical energy. The sources argued that in the event of a

winding fault, even when electrical power to the motor could be cut off, the rotor would continue to spin for some time

under its own momentum. As the rotor, with its panent magnets, continued to spin past the stator, with its windings,

an electrical current would be created that could flow back into the winding fault, causing additional heat and damage

to the motor. This scenario, some sources argued, would be palgicelavant if the ship were moving at some speed,

because the ship’s continue d-ufipoweredpropellemto rotatenasatesultvobthel d c aus e
ship’s forward movement through the vaftbaekintoth&rotos, r ot ation w
causing the rotor to spin even longer than it would simply as a result of its own momentum.
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Supporters of the permanent magnef mbhitori sgude e dF
kinds of 1intermnal faults, they stated, 1t wil 1 n
these faults can be managed through the design o
fauvlttparmishohey stated, an ability to turn off
but the permanent magnet motor can cope with thi
through use of the same dynamic brakiang action a
“cras hsbaenhlrni os.um, they argued that the issue of
real., can be addressed through careful system de

Some sources for this -trempmrstt al isloi uwasyegln fef dot rit it ahtiea tt ch
permanent magnetsshspnptopubyeanimoliargeand coul
maintenance i€ywdse oYet hehemoktiofe Supporters of p
argued t hantagmertmanome mtr s vien pirmdvwesnt rtyh eunssee 1lwvae s r el i
lengthy operating periods in other applications
permanent magnet motors easier to maintain than
ZMZ>E " —z2Ee'—*1 ¢C—EH>"—"201 ">

The s uper cnocnhdruocntoiunsg mnsoyt or empl oys superconductin
cryogenic equipment to cool the superconducting
wires become superconducting) to achteve signifi
supercgndwo¢oOors. As a result, supporters of this
synchronous motor, i f -deenmvsech d pgalds ocgumni beemoardpmm
e fficiheamt a perman®hilhe mdghetfimmmodevelaging the s
synchr oneAme miod¢ omr S u-piesr cdoonidnuge tsoor as part of a br
introdvaempkrghure superconducting technology 1int
The superconducting synchronous mbeopermahent ma
magnet mot or . Mo s t sources argue (or do not cont
be installed at ace2elpt aAbdlveo craitseks oonf tthhee fsiurpsetr cd
mot or, while mnot n etchees sNaarviyl ya bdoiusta gwheeetihnegr wihteh t e
ready for instAal, aarngowme tthleatf itrlsed tDeDc hnol ogy for
progressed in recent years more than others migh
technol oggsmd hame ot hers estimate.

One technical issue regarding the superconductin
reliability, and survivability of i1its cryogenic
effectively been reholgkenpetrhat awgh stulpe rcadwmadmtc t dfng
opposed tot orthplerat dmewesuperconducting materials)
(refridgdkreatdewvices) that have made it possible tc
without tHhHhagnexdoefhsailviesn icqouoildi ng s yst e ms.

Some sources for thistheppossrbhbibedyatbhetconkdeisas
in these motors might degrade over long periods

61 A crashback scenario is when the motor is commanded to go immediately from full ahead to full reverse. In
accomplishing this, the systeemploys dynamic braking, in which electrical energy is drained from the motor so as to
produce a reverse torque that helps bring the motor to a stop.

62 See, for example, Whitcomb, Clifford A. Commercial Superconducting Technology for Ship PropTifson.
Submarine ReviewApril 2000: 6273; Kalsi, S., B. Gamble, and D. Bushkbtl'S Synchronous Motors For Navy Ship
Propulsion.Paper presented at Naval Symposium on Electric Machines, Annapolis, MD, OctetieriZ®8;
Mulholland, Maxwell, and Stuart Karon. tter to the editorl).S. Naval Institute Proceedingsebruary 2000: 20, 22.
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superconduegtgmgeg mhabobrsuperconducting wire has be
durability is now being proven® n the commercial
The question is how quickly a superconducting sy
how t hd sdewoeandd on the cost and intensity of the
how the technology mightargasstqmuatmedy ffort imdor m
drive technology into Navy shilpd.anmdhet-dNatvya hh,s0Q@
hor s epo wefronpcreopotf superconducting synchronous mot
Superconductor, such a motor can be built and te

any ssacyasl,e ,sh o2fiSs,le0plo0we o uv edr dbeceodevel oped and cor

com

2009, making it possible to have-ttwlbe ymatror adrttear
the f2dsti sDPcheduled to enter servamrceDDand about
wo u
e ff

—_—

d entegriseawifwepe Amonduc tyoerars-ghgostotrbp meast i ma
ort would cost a total of about $90 million.

Z™MZ>yE " —eZzEe"'—e1 "-"WeS51 "7

The homopolar motor, like the superconducting sy
technology ¢tobrachere magsmepeccdndlidsi hpamonons. A
supporters argue, thisdmotoyr gunedfeffimaiadedtmomea p
per manent magnet motor. In addition, rscempaogrters
rather than the AC current wused by all the other
permits the motor drive to be less complex and t
associated with®the other motor types.

Because of ndvapotwbgesiathe Navy worked on develoc
many years s tla9r7tO0isn.g Tihni st heef froirdd has been continu
General Atomics.

The homopolar motor, like the superconducting sy
technologically than the permanent magnet motor.
discussed above in connection with the supercond
motor poses a second developmorts ithadetcamseni i @
power from the stationary parts of the motor to
motor stametadalhadusmwmdntd collectors have been deve

[a—
—

gmeitdal cur rtencth noodlolgeyc tpare vi ously used in homopo
devel opment risk has consequently already been s
new smeltiad collectors have been tested only at st
lar gecral e testing.

A third technical i1issue concerning domopgkar mot
highrrent el-etchter ikcianld puoswedr b-f rbonmd hel gre nmotad o t
mot or, and the 1 mplviec aftoiro ntsh et hdaetd 1 tighnie so £ w at vhledn .ehl &/cc r

63 For articles on the use of superconducting wire in the commercial electrical power industry, see Browne, Malcolm
W. Power Line Makes Use of a Miracle of Physisw York TimeNovember 3, 1998; and Spotts, Peter N. Electric
Power Cabl es Th LhristiamSsiance ™MenitoNoveniber5,i1998. .

64 The term homopolar (i.e., unipolar) refers to the fact that this motor uses direct current (rather than alternating
curren) electricity and does not require either a reversal of current or electrical commutation. As a result, the magnetic
field and the electrical current in the armature of a homopolar motor are constant over time and space (i.e., unvarying).

65 For a generalidcussion of the potential advantages of the homopolar motor and recent developments in homopolar
motor technology, see Walters, J.D., et al. Reexamination of Superconductive Homopolar Motors for Prblaviaion.
Engineers JournalJanuary 1998: 10716.
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on this i1issue is progressing, particularly 1in de
amount-vefl th@gw current needed to operate the motc
been atesltaerdger scales.

General Atomics BbBechilievdapphatoiramedwdmetrdr, h®@o p ol ai
motor can be built and dembhndtfrayrtadsatnntsaaciontalh
million. This motor,stsa¢pponrm tsedtas]l e@ wlzgSu¥€ ¢ csouubl nda rbien
technology test vehicle. -Dealgn(nge. busd0d0@g had
homopolar motor, the companypsahapswendbtdheeqdioe
—and anot hleiron$ 100r0 snoi.l

The Nawpmrch 1999 repor-drtewveCbagherebogyn, epactrcuel
table, can be read to suggest t-hatmsupkecomdacto
U. . 'sNaevlyd ct ve¢ ct e c hn oclaougsye porfmgtthmemerb glteastsu s . Such
i erpretation, which the authors of the report
erconducting motor technology. Although super
e longbdantpemmbaneatt magnet technology, 1t mig
in a cemmovre elyescttermi cf or use on Navy surface
ential advantages of supercaomdwectei 85 amatsonmoor
motor technologies discussed hWeaerne,e raises th
hnol ogy -pooswalgl tenmehestuers for policymake
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ed for a technology development heoddmapest
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I n
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s ng the issue of motor types, er
1 onal perspective. First, they at
oalgrniv® technology for the U. S. Navy t
f competing motor designs as opposed to
of-vme c bchraicvten Itce c hnol ogy.

S eV al
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Second, they assgiuead ftdats amn etxltke merits of vario
issue that the motor is -drmptyspantemomheaneandntdidi
other major components as well. A motor that mig
mi gnhott 1l ead to thdrbeset syse¢eanl beehaster od its eff
the system design The goal, t he yd rpiovients ysutte m,i s
not simply the best motor.

Ot her -MoNoonr ) Components

I nfmation provided by sources to this report 1ind
evolution and 1 mpatoovre meelnet merdnt istvheef tneodne ® ¢ r o gy . Thi
potentially significant, becadusievewi tthhetrhee hmasr thiea
relatively little discussion of how these other

Some sources suggested, for example, that develo
generators woul weighutcantdosphceystegmirements anc
a surf'ascgas htprbine engines and generators highe
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internal ship vol ume’loacrcguep iaeid biyn ttahkee 3 g dasm fdt derxbhiame
potential architectur®l advantages of electric d

Similarly, there may be potential for developing
pulwiedt h modul ated controll ewisden opw wheeri negl edcet wrei lcoapl
distribmteoam eyesktee and change in terms of key c
current (AC or DC) and the voltage or voltages e
drive makes it possible to evolventale propeller/
arrangement (a horizontal shaft with a propeller

The potential to evolve and i1i#iprnowee stybd cont peos eso
potential issues for Congress, including the fol

X How dootttlhes ecomponent s -eaffffeecctti vtelnee sosv eorfa laln c o s
el eadtrriive system?

X Have sufficient attention and resources been
other components?

X How should the potential for @dvahviong these ¢
the design of -drhievd asyesdti-htm? fedre ctthra ¢cDD

Application of Electr-AcqDrswveibn Speci
Progr ams

DD21 L-Atmtdack Deé’stroyers

Given tshel aNmwayry 2000 a-d2hoahzemenhi phlhwaidDD be eq
el edtrriive systemn Bs kevey fedddwWRLopstogoakaty electr
dr i ve—iesf fwhratt k i-dordi voef seylsetcetnr itche s hip should empl
significant, because tihkee Icyh oaincoeu notf tsoy sat edre ctiyspieo mw
firms would be involved in buildi@dg tshyes tseyms t e m.
mi ght become the badiisvdosysatecemmmom tthecNavye, th
competing fathy a¥eypbighti

The Nawyxyquisition-2slt rpartoeggrya mf ogri vtelse tIhI2 t wo 1 ndus
competing for the2iwigdhet Itaot idteusdieg ni nt hdee tDeDr mi ni n g
propos2ld ddDs i gns, 1 nc lruddriinvge tshyes tteynp et hoefy ewielclt u s «
is consistent with Navy and Department of Defens

66 For a discussion of advanced (permarreagnet) generators for submarines, see Hollung, Achim. PM Generators
for SubmarinesNaval Forces Special Issue No. 2, 1999 (Conference Procee
Technology): 443.

87 For an earliediscussion of the application of electric drive and related technologies to the design ef a next
generation surface combatant with a-fold diplacement of about 6,000 torsee Levedahl, William J. A Capable,
Affordable 2F' Century DestroyeMaval Engineers JournalMay 1993: 21323.

68 For a discussion, see Costa, Keith J. Work onZAMight Give Electric Boat An Edge In Electric Drive Effort.
Inside the NavyAugust 13, 1998: 1,-8.

®These are the Blue team, BathlroaWorks divisiorahd alsyinciGdes, amongl Dy na mi ¢ s
other firms, Lockheed Martin as the combat system integrat
Ingalls Shipbuilding and includes, among other firms, Raytheon as the combat systeatantegr
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The potenti2dsl efledrc ttyhéec sDyIs t em t o become-the basis
drive system, tegedhiegi twidh dstheratNagy for the pro
potential issues for Congress, including the fol

X 3URFXUHPHQW 6FKHGXGCH DRE&E Ny 1l an for procuring
firs21l DiDn FY2005 provide more thangh®tnough, no
amount of time fodrdevetppiamiarHeéwet ficst I
does the schedule for procuring the first shi
incorporating electric dreffedmitvetdhses shdfi pthe

syesmt that 1is developed?

X )XQGLQJ IRU '"HHHOGRSPMHQWa vy provided adequate fu
overall ODvel opment progr ans feolr-d oditeweed opment o
system? How is the amount of -dniske associated
techgplaffected by the amount of devel opment

x " SURFXUHPHQW &RYWeg*RBNOVYy procurement cost g
e2DB7mMi11ion in FY1996 dollars for the fi
wo shipyards thaompdtil wbohl dhehebskcpive o
quippi n2gl twhiet hDIhmi wd ecytstiem? L2fl ewquihpping t
e moesftf eccotsitde i sbestystem would result 1in a s
ould cost more than $750 miltliiooon bien FY1996 «
esolved by increasing the $750 million procai
rocurement scoprtopul sihen sshy pt e m, or by reduci
ocurement cost of other parts of the ship?
opul si onuscgd,t elmo w s sreufeflit clteisvse cwosutl d t he r1resu
opulsion system be, and what effects might
D21 e ldercitvrei cs ystem as the basis for a c¢common
\
n
a
0
i
h

h
h
r
r
r
VWHP (YRGOXWIMRQ he po tdernitviealt efcornocllogy to evol
d improve over2ltime,dshiogdadd tshhe tDHDDat part s
n be c¢chan over ti me, either 1in the c¢cons:t
r later s s 1 ncydlkeapwlo garnadm)moodre rdnuirziantgi olni {
.e., back ting for earlier ships in the
h time an unding Isn ecelddendt vt eéoc sdyesvteel no?p D ohees D

ged
hip
fit
d f

e

e Waasygquisition strategy adequately addres:
DWLHVKRU &RPSHWL@QAXGWUDBHDBPW ke aNawy sition
trategy give t-het twoduscompet e ams DDoo much, nc
about the right amount of lat2ffude in deter mi
electric drive system?

X 3RWHQWIRPRP RRU)QIBHW\VIaksP t he Navy fLtlructured th

w e T TTT g e

competition to take 1into-24dcebdernitvrei he possibil
system might become the basis for a common s
surface ships and 2 kbmpritnds DnDoesgutihe Dhe t
competing industry teams to select an electr.i
for a wide array of-dNavg skrcphandlDgiebhebelagt:H
considered by the two i1industr riybutteea mso iammc l ude
optimal c¢commodar Naeoys edteem? ilcf not, what effec
on ths Nowwnstream abil i teyf fteoc taicvhei eavpep ltihcea tmoosn
of e ldercitvrei cowni dae fblaeseits ? I f there i1is a conflict
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téh BEDl e kdercitvrei cs ystem and optdirmivzei msgy sat ecmo mmo n

for the fleet, how sh&uld the Navy resolve t]
I f it 1is dec i2dle dd eevaerlloyp menn tt-2hdef £DMdertcitwvreh st y st theem Dwbi 1 1
definitely HWocome ctohmeatolmaveel s ytstiean for Navy sur fa
submarines, then there a2¢t gecqgqunsedstfon prgoesg
structured so that considedfdticadn vienédgisverld tdecapt
teohwmgy for the fleet, 2Vveproframieseraddsutostsnt
drive system that 1s -2nloti tfsuelllfy. olpft,i mhi zwedv efro,r itth e
during2tthde®PPl opment eZXfosgys weremt Wihkel tbfaes iBD for a
common system, policymakers may face a difficult
optimiziagfehetiventsdsr iofe tshyes teline ditgrriich he Dbe unc«
benefits of optineirz iunsge iitn ftohre pfolteeentt.i al wi d
Given the competing motor technologies mnow being
strategies that can be pursued-2clomddencitirei g t he ty
Ssystem The table belowranhowyes, vbonteiy abDtnani e

Table 4. Selected Notional Options for Electric  -Drive System on Dd -21 Class Ships,
by Motor Type

First Ship/Earlier Ships in Program Later Ships in Program
Forward fit during construction Backfit during Forward fit

later overhaul during

construction

Induction none Induction
Induction none Permanent magnet
Induction Permanent magnet Permanent magnet
Induction none Superconducting
Induction Superconducting Superconducting
Permanentmagnet none Permanent magnet
Permanent magnet none Superconducting
Permanent magnet Superconducting Superconducting

Sources differed
versions =<adfiame
be a system
ship

using

tpiachipedpeller.

regarding
soly st¢hteemiZdinrts Th & DIs kweoptt i on
an induct
Al t hough

t he

1 0n

amount

motor
t he

of technic
would ap

connected b
Navy

does no

70 Questions regarding the relationship between the2DRlectriedrive system and potential electdcive systems for

U.S. submarines were raised by Representatives Herb Bateman and Duncan Hunter at a June 27, 2000 hearing on
submarine force stuatel and modernization issues held by the Military Procurement Subcommittee of the House
Armed Services Committee. For a discussion, see Bohmfalk, Christian. First Electric Drive Submarine Not to Arrive in
Fleet Until 2015Inside the NavyJuly 3, 2000. Repsentative Bateman posed questions on this issue in an April 6,

2000 letter to the Secretary of the Navy. For the text of this letter, see Text: Bateman Letter On Electiicsidiéve.

the Navy July 3, 2000.
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for use on submarines, 0
common -dtewetrsygstem for

r components of thi

t he
the fleet

N

This option could bet eprunr sauceqdu iassi tpiaornt aonfd amoldoenrgneir

t he-2DD c1 ashs liant ewhischi ps are built (and earlier

N

permanent magnet or supercefifflactiungnmes oof Thehp
approach would depend on how it wolulcdl aaslst esrh icposs t

and (if the system f orwmsdet hsey sbtaesm)s, osfu bas-ecqoumemotn cfl
dr teweui pped s hips.
With some amouwvhobwofmualhded mobpskcertain, but not n
the-2DDprogrraims ka —thhilégdardis s hypt em could include a p:
motor rather than an induction motor. This optio
achieving a -dommons gdetemruwde rd rmhviec hs yasltle n\Nsa vuys ee I:
permanent maglmetasmoesosing this approach, policym
associated with -2QQuwiptpi ng phremddestt MDdDgnet motor
associated with developing, procuringD2dnd suppo
program and other classes of ships.
Although many sources agreed that there may not
propeller/stern co#£fli gwmrcadt iacn af pro dtdleed fpirrospte | DB r ,
such a s ysdteevne lcoopueldd whiet hin a few years and would
advantages2lforThtilse rD ses the i€dudesf gwhehlbad dt |
developed so as to facilitate the later incorpor
configuration.
On June 14, 20005 a Icdigwilsliso® hdfpbuiitltddamgl ndustries
the two industry t e2almasn ncooumnpceetdi ntgh afto ri dtehklkea dDDs e | e ¢
electric drive industgn ofe aaan feolre ctthrei cp rderl ii vmei nparr oy
will 1incor ploerda teeptar ana NSt magnet motor design 1t
proposal 2ffbr the DD
Virgini-a74)SSQl ass Submarines
El e edtrriivce technol ogy ial IscodneceorhofiVanlclgaowmd d be 1 nst
bmarines, potentially on a boat procured withi

o wn
o <

Navy officialsOOt etshtaitf cae dn eedhreedvten escy2s0t e m coul d be

nfigurati ednr iovfe tshyes teelne catnrdi cish al eivretl @mpdnietnyt @ ff ftohr

]

Vir gdlnaisas boat pr'dScounree di nidnu sFEY¥2y0 Islo.urces suggested

"t Source: Litton Industries press releaseeli4, 2000, entitled DD 21 Gold Team Selects Newport News Team for
Permanent Magnet Motor Development. The IngaiisDD-21 team is known as the Gold Team. The press release

stated: “The selection of the Ne wpoesignisNaeswtoftheGold” s PMM [ per

Team’s i nde-menthévaluation of competing Permanent Magnet Motor proposals. Many factors including
acquisition cost, life cycle cost, maintenance, manning, efficiency, [and] risk were analyzed and comparedfetwee

two motors. The final selection was accomplished by using a systems engineering process, as required by the DD 212
contract.?”

72 For earlier discussions of the application of electric drive to attack submarines about the size of the Virginia class
desgn, see Dade, Thomas B. Advanced Electric Propulsion, Power Generation, and Power Distlbu#bn.

Engineers JournalMarch 1994: 832, and Dutton, Jeffrey L. Contrarotating Electric Drive for Attack Submarines.
Naval Engineers JournaMarch 1994: 450.

73 Spoken testimony of Rear Admiral J. P. Davis and Rear Admiral Malcolm I. Fages to the Military Procurement
Subcommittee of the House Armed Services Committee at a hearing on submarine force structure and modernization
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for a boat procured in FY2007 if a deci si
adequate development funding was provided

Given el &ctproiteendriiade for achieving a subst
key question for policymakers concerns th

on wer ¢

antial
e urgen

of curreatedndnpreopbmarine warfare capabilities

mi ght such an improvement mneed to be 1nco

rporate

In addition to a major improvement in quieting,
Naw did not di sdargirwe ,t achlatoledgyx tfrarc submarines, i
the potential for attessngubmershernnofd waVitgan
procurement cost of the sulWmdbrnildd ohguribryemtsl ynuk h.
million This 1is highly significant-¢clbesause the
procurement rate in a few years from the current
year, and any eacptrioocnusr etnoe nrte dcubcaes stohfvot hd Makgi sune!
increase more affordable.

I f t hmi l$11i0dn fi gure aboveadriisver cdeghlhylogryr ewotu,l de Ir
rare 1if mnot wunique opportunit yartion ematkhea ta rcehdauncgees
procurement costs by such a large amount without
a decade of searching for options for reducing s
encountered no other saiqnogwWwer edde ssi ghmacrhiameg et hfaotr co
procurement costs by such a large amount without
design changes have bedmssuglgssitgend (fmam yt loef Wihri gil
will be 1implemedued) f hmoe ecsltmaisbsf dtehsei gwi rbgyi nmuac h s
amounts (typically a few or several million doll
PursuvingrebVectecbdnol ogy for submarines this ambi
expensive: I't coul d lelaisoinlsy orfe qduoilrlea rhsu,n dorre desv eonf mm
dollars, in research and development funding bey
programme f or d edvreil voep nteencth noofl oeglye.c tArsi ca conseque
succeeded enpreducemgnt hcbassolleshgnVbygB8dD8& mil
be several years kdfacrse psraowiurgsmeinit Vlforsgisth ifaul [ y 1
research and devel opment costs of tolciusr edncewne]l o p me
cost turned out tfoobeecxompeltda, ngS5 G mai ldtithoenn i nst ea
the bveakpoint would be even f-sewvthepointtiwer £uno
reached until the prober ¥meginofi thes$§jnhbwawmets
would continue to act as a source of rTrecurring s
compl et i omneloafs sViprrgoicnuirae me nt .

TADC(X) Auxiliary Dry Cargo Ships

Al 't hough often oveel eoakadeit edihsndsd spsgiponnnge e f Na v y
TADC(X) class of auxiliary dry cargo ships, t he
term candiddtevdoprepeks r §Teh.e T hTeAsDNa(pXy)op t & 6 ¢ ®» n

plant willeseilt Hewri tthe mechanical drive], ga
dr i"% e .

issues on June 27, 2000. Fatiscussion, see First Electric Drive Submarine Not to Arrive in Fleet Until 2015, op cit,
and Bender, Bryan. US Navy Sets Sights on Electric Attack Submarih@ H TV 'H I H Q July 26120000 \

S t ur b i

“U.S. Navy Internet page, nastoDAp20)200B,avaitabléah e Desi gn, ” versio
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As a 1 a rsgpee,e df b(eRMéoPno-nombat ship now in procureme.
somewhat similar to a commercielffeawmrgd os kigqm,i pi tt 1
TADC(X) wit-hvaitebtenEbyopeaniovoemmgnsdicanl sdlmd dtari
now being usecda fsoys tcaemiesmp lschyiipsg a synchronous m
podded propeller. This Iwawlsdiersaifsoa atolli caysmta ktewas :

X Would equipping the TADC(X) with a commercial
synchronous motor contribute to or detract f1
applicatidnieot ¢bPebnobpiogy to Navy ships?

X Should t he qTuAiDpCp(eXd) wiet he ad rEiuvreo pseyasnt eenh eicft rtihca t
the only kdmdvefsygdeemrnow available for the

Jcc(x) Joint Command and Control Ships

ri

El ect c drive might similarly be a c¢cXhydidate fo
ships that the Navy plans to begin procuring 1in
determined, but one possibility beingheapnsidered
standards If so, the JCC(iXdatdifker theecdBDEL Xi) 3l
drive system

The operational requirements of tdhd vleCGC(yX)t,e mhowe
with better quieting and shock resistance than a
be a candpdetadfVvanceddmibetayytemectfiso, in 11ig
planned FY2004 date for procuring the first JCC(
with a versi-dmi od ghset ethetch ati-2i1 s qlikewsetlioome d sfor t
whet her the FY2004 pr ocusoemee nyte adra teea rfloire rt hteh afni rts
procurement da2lkwdwhd ther iii r stt h iDD.

LHA Replacement Ships

LHEB, the first of the five LHA depdnrnscicoane ndf sthh ¢
basic Wals)p c(lLatkDs design. The modifications 1incl u.
hybrid propul si on -ppolvaenrt -dcloensseirssty sistgeene fif omr p lelaowwt i1 0 n s
and a meaohamri sayls t-sepme ekdr motph o @ Bpecorwkhre dlfeew er 5 § st em

will e mphoryselpdwedr electric motors wusing electri
generators that produce electricadlripewerysftem twh d
be powercedegangtimeb (friartehde rs ttehaaom ttuhrdb ioniels used o
thr oh)gh Dusipeg dl owperations, ths RPBMctpiedmoedrby
be transmitted to the propel I'se rnse cthlarnoiwcgahl t he r e d
sysf®Emis hybrid propulsion system is similar 1in
di esleddctricmgabaninchlnsystseypee @B30of rBrgiatt &isn

The Navy is now assessing whetheripsheshbBewlodvdbea hr
additionalmo(danfd efdyec tLdHeDs s-Heps gar amphe wi ous assau

{ http:Avww.navsea.navy.mil/adcx/view/adcxbl.htinl

“The Navy’s notional performance ¢ har aanedspeedkot2Dw2 for t he T.
knot s. (U.S. Navy Internet page, “ADC(X) Baseline Design,?”
maximum sustained speeds of the ammunition and refrigerated stores ships that the TADC(X) is to replace.

76 Source: Ifiormation provided to CRS via telephone by Ingalls Shipbuilding, the builder of LidBass ships, July
24, 2000.

77 See the background section for the description of the Type 23 propulsion system.
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known as the -hélXKi-EHBdopurohemight, and the LHX o
could, 1ncl uddrei vae fsuylslt eem.e ct r i ¢

I n t het hcea sfemordtfhfekBdopt i on, the 1issue for policyma
incorporating full electric drive into some of t
maintaining a fleet of LHDs weintsh (astt elaemmst t hr ee
turbine/ mechanilatlhedagughhybfoud HHBPs el /electric anc
turbine/ mechan8cabhndrgae farbLHDP/electric drive

CVN( X) Aircraft Carrier

Th
fe
me
pl
r e

o o D o

ort stated:

For a ship the size of an aircraft carrier, electric drive did not offer space or weight savings
over a steam driven mechanical drive design with appropriately sidside generators.

In addition, the studies found that the most affordable method to achieve the objective of
increased electric generating capacity was to use mechanical drive with larger turbine
generatorg®

e

p

c hn®Allotghyou gh’st Mer Navyo99 report reflects two
d study dfi gthlte oifs gthe, 19® 7 NRAC s-donmdyeand the
chnology to evolve and improvke?99odarglmaskicons
riodical

Coastar@du Deepwater Cutters

Guard commissioned two studies, both
n options, including electric drive
o

2

t
0
p
p

78 This passage is taken from the executive summary ®ther y > s report, which is printed i
background section of this report.

7 Naval Research Advisory Committé@VX Flexibility. Washington, 1997. 80 p. (Report to Assistant Secretary of the
Navy (Research, Development and Acquisition), NRIYEL, October 1997.) The conclusions of the NRAC report on
this point are also referenced in Davis, Jacquely@¥WX, A Smart Carrier for a New Er#Vashington and London,

Brassey’s, 1998. (A publication o ihasSdeiationlwithstite Fletaheare for For e i

School of Law and Diplomacy, Tufts University) p. 45, 58, and in Walters, J.D., et al. Reexamination of
Superconductive Homopolar Motors for PropulsiNaval Engineers Journalanuary 1998: 10716.

80Krull, R. D. Propulsion Systems Survey for the USCG Deepwater Surface Plagtuensville (MD), 1998. 23 p.

(Report No. C@D-13-98, Final Report, February 1998, Prepared for U.S. Department of Transportation, United States

Coast Guard, Acquisition (8), and U.S. Coast Gud Research and Development Center, available to the U.S. public

through the National Technical Information Service, Springfield, Virginia); Krull, R. D., and H,. Riobegrated

Electric Drive Application to USCG Deepwater ProjeBtevensville (MD)?1998, 13 p. (Prepared for U.S. Coast

Guard Research and Development Center, Groton, CT, 21 August 1998, Contract No. E9AIIB96616,

Delivery Order DTCG3®7-F-E00348) The first report provides an overview of various potential prime movers,

transmissia systems (including electric drive), and propellers
currently operating propulsion system concepts that would be new to the Coast Guard, such as water jets, podded
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In 1998, the Navy and the Coast Guard issued a ]
“national Tfulnedetr cwhnoachptwhel d woeskrtvoceoeordinate t
more closely in various areas, including equipme

As we enter the next millennium... the Navy and Coast Guard, together, must deploy forces
with greater flexibility, adaptabilitand affordability....

Because of incompatible equipment, mutual logistics support has proven difficult, as has
the ability to exchange near raahe intelligence and informatioAs partners in maritime
security, our approach should stress commonalityrexer appropriate, from shipboard
propulsion systemt® aircraft components to training standards.

The National Fleet has two main attributes. First, the fleet is comprised of surface
combatants and major cutters that are affordable, adaptable, intetepenad with
complementary capabilities. Second, whenever appropriate, the fleet is designed around
common equipment and systems, and includes coordinated operational planning, training
and logistics....

The Navy and Coast Guard will work together to baildlational Fleet of mukimission

surface combatants and cutters to maximize our effectiveness across all naval and maritime
missions. The Navy and Coast Guard will coordinate surface ship planning, information
systems integration, and research and deveémt, as well as expand joint concepts of
operations, logistics, training, exercises and deployments. The Coast Guard and Navy will
work together to acquire and maintain future ships that mutually support and complement

each service’ s roles and missions.
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propulsors,and AC electricdrivel , ] are candidate technologies.” The report

various options (including electric drive) for meeting certain mission requirements of a Deepwater cutter. The second
report provides a general discussion of electric daivet potential advantages and disadvantages, and a description of
the Navy’s TIPS program.

81 NATIONAL FLEET—A Joint Navy/Coast Guard Policy Statement. Washington, 1998. (September 21, 1998) 2 p.
Emphasis added.

82The 1998 NATO report that endorsed eleathive as feasible and viable focused on a notional design for &4,000

ton frigate— a ship potentially about the same size as the Deepwater cutter.
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A second issue concerns the schedule’sf i atnlkeg De e
the first Deepwatem Xthltreere iyse atros-2 bee fgotrecc ut theed eDiD
industry teams now competing for the Deepwater p
initial work on their proposed Deripwatient ¢ utthterf
Deepwatters cmitght thus require restructuring the
cutter procurement and have the industry teams r
This would delay the introduct’s ofdseoént hhegntlvecut
Coast Guard strongly wants to avoid, given the a
operating costs of its current cutters. It would
the Deepwatemetphiopngcthes€Cooangl GgGuawndtal $so0o avoid,
Guagydlimited acquisi tsiiognn ibfuidcgaentt acnhda lalne nagler eiand yi d «
funding for the Deepwater project as currently ¢
Another approach would be tttoerbsuialsed meheeh afnihrcspts , f e w
then build later cutters to a modified design th
he 1issue conceisnidegitrlee t@CodsetgiGuprdcuring cutt e
leave the iuslsdu ep aoyf fwohro asnhyo design and devel opmen
modify ®helddetyecsystem to make it sund¢wble for
cutters
In addition, given the potential hmpacthefambuent
of ship redesign needed to optimize the applicat
coul d be—aenxdt etnhsuisvee x pensi ve. Redesigned ships mi
the pace at which dnewmtoutCtoearsst aGruea ridn tsrea dvu ccee . T h «
incorporating electric drive into a baseline Dee
drive would likely result in a ship that does no
Buildieg bBhips in the production run with electr
a lack ofe qmropmelnsti cmmmonal ity menengutther CoaFTlhi G
add complexity and posSssisbtirya toeoghge foopre tlhiefie€on a a h d Gu
support of the mnew cutters.
Another issue that may arise concerns the compos
for the DeececpWwapeognarths DDThe teams competing for
di ffering ciomhms nhawhioab mdy fmake idtridief ffiecthinto! togg y
from t2hle pOgram to the DeepwatfPirr gwblales ar wit hou
intended to prevent -sternasnistmivses iionnf oorfmactoinopne tbiettiwoene
for the same program. In addition, one source su
drive into the Deepwater cutters could itself ad
reducing industry confidence in the program.
Potentims fqare spadloi cymakers include the foll owing
X How necessary is it to procure the first Deert
were delayed to 2005, how would this affect (
operational costs? Wheatpwatled paotflatdffect
X How do t he -qpaopalmitliiatly sthe mpe f i t-dsr iovfe iinnctoor por at i
Deepwater cutters compare with the benefits

sur face c¢comba2tla’t li ke the DD

X How do he potenti aell esedtvriimggst efhnatbtogporntont
new cutters ¢cfyrcolne roepdeurcaetdi nlgi fceost s and ¢ ommon
Navy in the production, operation, and supporit

—
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X compare with the potentialesadditaindnal <costs
devel opment wor k, and potentially due to 1o
equipment across all the new cutters that a
p

~ T~

X How significant a factor should the princi
national flee¢ Pwleceyssdatiemgnt’hd 1issue of
propul sion equipment ?
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